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At>$tr^Ct 
W e have developed several methods to synthesize 2,3-disubstituted furans， 
2,4-disubstituted furans, 2,3,4-trisubstituted furan and 2,3,5-trisubstituted furan by 
ut i l iz ing a sequence of regiospecific lithiation-aUcylation, fp>s<9-iodination, boroxine 
formation, Sonogashira cross-coupling. Nickel-catalyzed cross-coupling and Suzuki-
type cross-coupling reactions. Its overall synthetic methods are summarized below. 
I n practice, the usefulness o f our strategy is aptly illustrated by synthesis o f rosefuran 
(4) which is an important odoriferous compound of Bulgarian rose oi l . 
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I . I n t roduc t ion 
Furan (1) belongs to a group of organic compounds containing a diunsaturated 
ring o f four carbon atoms and one oxygen atom (Figure 1). Furan is volatile，a fair ly 
stable compound wi th pleasant odours. Furan itself is slightly soluble in water but i t 
is miscible w i t h most o f the organic solvents. I t is readi ly available, and its 
commercial importance is mainly due to its role as the precursor o f the very widely 






The furan ring system is found in many naturally occurring compounds,, either 
as a f u i l y unsaturated structure or in a reduced or par t ly reduced fo rm. 
Polysubstituted furans play an important role in synthetic organic chemistry due to 
their presence as key structural units in many natural products. Moreover，most of 
them exhib i t interesting bio logical activit ies, such as cytotoxic and ant i tumor 
properties，l，2 antipasmodic,^ antifeeding,4 and several other potential ly useful 
activities. For these reasons, furan r ing systems continue to attract the interest of 
many synthetic chemists. 
In order to provide a framework of reference for the discussion in this thesis, a 
brief review on the reactions of furan and their general synthetic methods are given 
below. 
1 
1.1 Reactions of fu ran 
In this section, we sum up the two most important reactions which can 
manifest the reactivity of furan. 
L l . a . Electrophi l ic substitution^ 
The chemistry of furan (1) is dominated by its readiness to undergo 
electrophilic substitution. Furan r ing is an electron-rich heterocycle and exhibits great 
reactivity towards electrophiles.5 I t can be seen that resonance delocalization o f the 
positive charge at the resonance structures formed f rom an a-attack enjoys greater 
stability than the resonance structures generated f rom a P-attack (Scheme 1). 
Considering the directing effect of the oxygen atom, furan (1) undergoes electrophilic 
attack more readily at the a-position than the P-position. 
E+ 
部 ― 卜 巳 々 — 〜 々 + - 〜 々 ： 
^ ^ 
a-attack resonance structures for a-attack by E+ 
E+ H ^ ^ ^ 「 H H ’ 
、 々 5 — ^ J t \ ‘ 
4 u o 
1 � + J 
p-attack resonance structures for p-attack by E+ 
Scheme 1 
L l . b . L i th ia t ion and alkylat ion^'^ 
Owing to the electron-withdrawing character of oxygen, the proton at the a -
position of furan (1) is more acidic than that at the p-position. Based on this fact, 
Metallat ion wi th alkyl l i thiums proceeds selectively at the a-posi t ion o f furan (1). 
Carbanions can therefore be generated f rom the furan nucleus by pro ton" i th ium 
exchange. For example, using butyll ithium, furan (1) can be deprotonated at the a -
2 . 
pos i t ion .6 2-L i th io furan (2)7 reacts w i th various electrophiles to produce 2-
substituted furans 3 (Scheme 2). 
Q _ ^ 仏 _ ^ _ ^ E 
1 2 3 
Scheme 2 
1.2. Syntheses of furans 
In the literature, several methods for synthesizing polysubstituted furans have 
been recorded due to the rapid development of organic chemistry, in particular 
organometallic chemistry. There is resurgence in the literature o f new and effective 
methodologies for furan syntheses in the recent years. In order to focus our attention 
on only the latest synthetic methods," some old and not frequently used methods are 
not discussed here and these methods are reviewed dsewhere.8-17 工打 this section, we 
classify the general synthetic methods for polysubstituted furans into four parts 
according to their substitution patterns, i.e. 2,3-disubstituted furans inc lud ing 
rosefuran syntheses, 2,4-disubstituted furans, 2,3,4-trisubstituted furans and 2,3,5-
trisubstituted furans. Some lastest developments in furan syntheses are outl ined 
below. 
1.3. Syntheses of 2,3-disubsti tuted furans 
2,3-Disubstituted furans are usual structural skeletons o f several naturally 
occurring compounds, such as rosefuran (4),18 pallescensin A (5)19 and lanceolatin B 
(6),20 which all contain a 2,3-disubstituted furan r ing (Scheme 3). In this section, 
several methods for the syntheses of 2,3-disubstituted furans w i l l be discussed. 
3 
/Me ^ _ / ^ 、 H Me 






I.3.a. Th rough C3-substi tuent-directed I i thiation^^ 
The carboxylic acid moiety at C-3 position of the furan r ing could be used to 
direct ^>rr"<9-lithiation wi th /2-butyllithium alone. To exemplify, 3-furoic acid (7) was 
treated wi th /2-butyll ithium and the resulting anion 9 was subsequently quenched wi th 
iodomethane. As a result, 2-methyl-3-furoic acid (8) was formed (Scheme 4). 
C〇〇H COOH 
_ / 1.n-BuLi,THF _ / 
r \ 錢 i h [ p ^ 
、0, r ^ ^ ; r " ^ 、 〇 A M e 
7 3. H3O- 8 
6 2 % 
mechanism: 
COOH COOLi 
C ^ L i 尸 — ^ ^ M e 
9 V y 
^ ~ 乂 COOLi 
HsQ^ ^ f i ^ 
^ 、 〇 A M e 
8 
Scheme 4 
These results indicate that butyl l i thium can be used directly on furoic acid to 
direct C-3 lithiation. 
4 
I.3.b. By molybdenum pentacarbonyl-catalyzed c y c l i z a t i o n 2 2 
A secondary hydroxyenyne 10 could cyclize to give the furan 11 as a 
migration result of the ex^>-methylene 12 to form the aromatic furan 15 by 
molybdenum pentacarbonyl-catalyzed cyclization (Scheme 5). 
^ L ^ ^ Et3N:Mo(co)5 r i ^ 
H ^ d)H Et3N，EtaO 、 
1 0 6 4 % ” 
mechanism: 
^ ^ V ^ 厂 < > . A ^ 
H ^ OH ^ (CO)5Md^4 0 
^ v _ y R ^ ^ 
10 ) 
L Et3N: / 」 
12 
- E t 3 N + H ^ ^ _ 
j^ o ^ p ^ f L ^ ^ ~"——>-
( C 〇 ) 5 M c r ^ 〇 / ^ ~ ~ ^ 、 
一 一 
1 3 _ Et^ ^^ |^^ - “ “ 
(CO)5^1^^^^5^ — ^ (CO)5Mo^ ^^ ^^ ^^ ^^ ^ 
� L _ 
14 15 
Et3N+H Et3N:Mo{CO)5 / 
A ^ f l ^ 
〇 
11 
, Scheme 5 
5 
I t is reasoned that the E t 3 N : M o ( C O ) 5 species w o u l d catalyze the 
i somer i za t i on to fu ran by way o f a concer ted bond m i g r a t i o n o f 
epoxyvinylidenecarbenes 13 to form the cyclic a,p-alkenyloxacarbene intermediate 
14. 
1.3.c. By Ag ( I ) catalyzed cyclization^^ 
Marshall discovered that silver-catalyzed cyclization of allenylic ketones gave 
high yields o f 2,3-disubstituted furans. Thus, allenyl alcohols 16 were oxid ized to 
conjugated allenones 17, which readily cyclized to a 2,3-disubstituted furans 18 upon 
treatment w i th AgNO3-CaCO3 in aqueous acetone (Scheme 6). 
CH3 CH3 
= . i ^ ‘ 二 ' ^ \ ^ / swern / / 
H 〇 ^ ^ 、 p oxidation> O ^ ^ . . Y ^ 
TBSOH2C 89% TBSOH2C 
16 17 
.CH3 
AgNO3, H20 i r \ ^ 
CaCO3, acetone 0 ^ ^ ^ ^ 





1.4. Syntheses of rosefuran 
Rosefuran (4)，an important natural compound belonging to the fami ly o f 2,3-
disubstituted furans, is the essence of one of the most prized natural fragrances, 
namely o i l o f rose. Since its first reported synthesis in 196818，there have been over 
10 recorded syntheses.l8,24-34 We report herein a brief review on these syntheses 
since 1968. 
6 
I.4.a. Via 2 - l i t h i o - 3 - m e t h y l f u r a n ^ 8 
Chloromercuri furan 20 was prepared by reaction o f the sodium salt of 3-
methyl-2-furoic acid (19) with mercury (II) chloride . Reaction of chloromercurifuran 
20 wi th sodium thiosulfate afforded the corresponding difurylmercury 21. Treatment 
of this difurylmercury with finely dispersed l i thium in diethyl ether produced 2-l i thio-
3-methylfuran 22 which was readily converted to rosefuran (4) (Scheme 7). 
/CH3 .CH3 
； _ / HgCI2 ^ _ / 
/ T ^ NaOH (aq) y / A Na2S2O3 (aq) 
( 0 ^ 0 2 H - ^ ^ ( 0 > ^ H g C I ~ ^ ^ 
19 20 
CH3 H3a r CH3 -
( ^ H g ^ . ^ ^ [ C ^ U 
21 22 
H 3 % ^ B r ^ C H 3 





I.4.b. By Claisen rearrangement^^ 
Conversion of 3-furylmethanol (23) to the al lyl v inyl ether 24 and subsequent 
pyrolysis of this al ly l v iny l ether gave the aldehyde 25. The unstable structure 25 
formed after Claisen rearrangement rearranged further to the stable furan r ing 26 
through a 1,3-hydrogen shift. Aldehyde 26 was subjected to Wi t t i g reaction wi th 
isopropylidenetriphenylphosphorane to furnish rosefuran (4) (Scheme 8). 
pH2OH 广 0 
| f ^ C2H5OCH=^H2 / r \ ^ 々CH sealed t u b ^ 
^ 0 Hg(OAc)2, reflux 〇 2C 160°C 
23 60% 24 8 5 % 
7 
_ ^ C H 2 1 ^__^ .CH3 
C X ^CH2CHO _ l ^ i i ^ ( X c H .CHO 
_ H J U 
25 26 
,CH3 




I.4.c. By oxidat ive decarboxylat ion wi th lead tetraacetate^^ 
3-Methyl-2-furoic acid (19) was alkylated using l-bromo-3-methyl-2-butene 
in ammonia at -78^C to form the corresponding compound 27. Oxidation of 27 wi th 
lead tetraacetate gave rosefuran (4) (Scheme 9). 
Li/NH3 
y ^ ^ 3 H 3 Q ^ ^ ^ B r CH3 cH3 
O ^ e o H ' ^ - ~ ~ ~ - O 0 ^ C H 3 
\ 〇 x ^ C 〇 2 H 75% O^^CO2H CH3 
1 9 2 7 
.CH3 
P b _ 4 ^ / T y ^ ^ ^ O H s 
70% O""^^"^"^ T 
4 CH3 
Scheme 9 
L4.d. By prenylat io i i of 3-methyIbut-2-enolide^^ 
Prenylation of the l i thium enolate of 3-methylbut-2-enolide (28) using 3,3-
dimethylal ly l bromide gave a chromatographically separable mixture of the a , y-
bisprenylated butenol ide 29, a-prenylated butenolide 30, a , a - b i s p r e n y l a t e d 
butenolide 31 and y-prenylated butenolide 32. Reduction of Y-prenyl-but-2-enolide 
(32) with diisobutylali iminum hydride led to rosefuran (4) (Scheme 10). 
8 
CH3 
H 3 C ^ 
^ “ ^ \ 严 3 
0 : ^ ^ : ^ S ^ ^ ^ ^ C H 3 
+ 29 CH3 
CH3 + 
H s C - ^ 
CH3 H3Q^ 八 ^ ~ \ PH3 
7 ^ H3c ^ 0 ^ 3 
0 ^ 0 ^ 60% 30 + H 3 C ^ C H 3 
28 + r V - 3 
H 3 C ^ ^ 
pH3 + 31 
这 0 ^ = = C i ^ ^ C H 3 
32 CH3 
/ ^ ^ ^ 1.DBAL-H _ ^ C H 3 
O ^ = O ^ ^ ^ ^ C H 3 2. H3O+ ^ f > _ ^ C H 3 
〇 p u 80% \ 〇 , 1 
32 C % 4 CH3 
Scheme 10 
I.4.e. Y ia 3-broTno-2-furyl l i th ium27 
3-Bromo-2- fury l l i th ium (34), a key compound for the synthesis o f rosefuran 
(4), was found to be accessible by treatment of bromofuran (33) w i th l i t h ium 
di isopropylamide. The fu ry l l i th ium 34 smoothly reacted wi th 3，3-dimethylallyl 
bromide to af ford the bromide 35, which underwent subsequent l i th iat ion and 
methylation to give rosefuran (4) (Scheme 11). 
9 
HsQ 八 
Br Br 1 j > = r ^ B r 
0 - ^ d ^ L i ' - ^ “ -




f 5 _ ^ C H 3 C : . f > _ ^ ^ H 3 
0 I 18% 0 1 
CH3 ^ CH3 
35 4 
Scheme 11 
I .4. f . By reac t ion of a - o x o ketene d i th ioace ta I w i t h d i m e t h y l s u l f o n i u m 
methylide28 
a -Oxo ketene dithioacetal 36 reacted with dimethylsul fonium methylide to 
give bis(methylthio)dihydrofuran 37 which was converted into 2-(methylthio)furan 
38. The substitution of the prenyl group was found to go to the correct a-posit ion of 
the furan r ing to give 39 because the other a-posit ion was blocked by a methylthio 
group. Eventually, the methylthio group was removed by Raney nickel reduction to 
generate rosefuran (4) (Scheme 12). 
H cH3 r H cH3 • 
y ~ ^ H2c=s(cht3)2 c H 3 s . ) ^ 
c H 3 s ^ 〇 > - y ^ j 
scH3 L CH3S 〇 -
36 37 
V / H 3 
HCI (aq) / / \ \ 1. n-BuLL 
- ^ ^ C H 3 S ^ ^ ^ x ^ 9 rTp ^ 
35% (2 steps) 〇 2. H3U ^ 




CH s ^ X 5 ^ ^ ^ ^ ^ C H 3 RaneyNi> 0 _ ^ ^ C H s 
CH3b \ 〇 / 54% \ 〇 z I 
39 CH3 , Chl3 
Scheme 12 
10 
I.4,g. V ia aIIyl aIcohoi29 
Oxidation o f allyl alcohol 40 gave the epoxide 41. Treatment of this epoxide 
wi th sodium cyanide triggered a series of reactions, i.e. Payne rearrangement of 41， 
epoxide ring opening o f 42 and hydrolysis of 43 to give the dihydroxyacid 44. 
Finally, rosefuran (4) was obtained through a lactone formation of 44, dehydration of 
45 and D I B A L reduction of 46 (Scheme 13). 
CH3 CH3 (CH3)3COOH CH3 CH3 
H 。 ^ V ^ C H 3 V ^ ^ H O _ ^ ^ ^ C H 3 
40 41 
NaCN r CH3 CH3 -
EtOH ‘ J ^ 
~ " ^ ^ ^ ^ ^ f " " ^ C H 3 
- OH . 
42 
_ H ? V 〇 H ] " ^ O H 
N C ^ A . x ' " ^ ^ ^ 3 ~ ~ ^ ^O2C^J^^^^^OH3 
- CH3 」 CH3 
43 44 
H3C 
toluene _ \ ^ O H CH3SO2CI 
reflux J ~ ~ \ Et3N 
56% (2 steps) O ^ o > - ^ ^ ^ ^ ^ ^ 3 100% ^ 
45 CH3 
_ .CH3 CH3 
。 X ! L ^ ^ ^ C H 3 D'BAL-H^ f > _ . ^ C H 3 
0 1 60% 0 
46 C h 4 CH3 
Scheme 13 
I.4.h. Via y-keto aldehyde30 
This paper reported the synthesis of rosefuran (4) v ia methy l 3-
formylpropionate 47 which underwent Michael addition of crotonaldehyde 48 in 
benzoylperoxide to form the ketone 49. The furan ring 50 was constructed under 
11 
reflux and was converted to 2-methyl-4-(3-methyl-2-fruanyl)-2-butanol (51) through 
a Grignard reaction. Final ly, a mixture of rosefuran (4) and isorosefuran (52) was 
� 
generated by dehydration (Scheme 14). 
O H c 〜 c c ^ m 3 
^^ PhCH2OOH CH3 
+ 95。C > O H C > ^ ^ ^ A , ^ ' v ^ C O 2 C H 3 
CH〇 54% I — 0 
H 3 C ^ 49 
H4P2O7 CH3 
xylene _ / ^ CH3Mgl 
reflux l f ~ \ ^ Et2O 
~~45% > ‘ k〇A^^^^"^C〇2CH3 ~~89% > 
50 
PH3 
/ ^ ^ 3 ( ^ 3 k ^ / ^ C H 3 
€ ^ 八 〜 處 > 4 CHs 
、 / ^ \ / \ z C H 3 • ， 3 3 0 / ^ 5 2 + 
51 OH ^i_j 
y 3 




I.4.i. By the t ransformat ion of 5-oxogeranio!3l 
Rosefuran (4) would be transformed from 5-oxogeraniol (57). 5-OxogeranioI 
(57) was prepared f rom 5-acetoxycitral (53) which was reduced with sodium 
borohydride to afford 5-acetoxygeraniol (54). The hydroxyl group of (54) was 
protected wi th THP ether, and the acetyl group of 55 was oxidized by Swern 
oxidation to give ketone 56 of which the THP group was removed to y ie ld 5-
oxogeraniol (57) (Scheme 15). 
12 
CHa CH3 CH3 CH3 
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THP ether I 1 Swern oxidm|pn 
6 5 % h C ^ ^ ^ ^ ^ V ^ Y ^ ^ O — 5 0 % 
OH 
55 
〇 ^ 〇 
[H+] 
H3Cv^^^^;^^:;^^/ilv^^^^^^;rv^OTHP > - H 3 O ^ ^ ^ ^ v ^ ^ ^ > ^ ^ ^ ^ : ^ ^ 0 H 
72% 
cH3 cH3 cH3 cH3 
56 57 
_ _ PH3 
Hc02H f r i 
3 2 % > ( o > ^ ^ ^ C H 3 
‘ 4 Chl3 
Scheme 15 
I.4. j . By base-catalyzed cyclization ofa lkynoate^^ 
This synthetic route is a general f i i ran-forming step in which the acyclic 
alkynoate 59 formed from the basic treatment o f y-alkynyl al ly l ic alcohol 58 was 
converted to the 2-furylacetate 60 through an intramolecular 1,4-addition. The 
isopropylidene moi^ty was introduced by addition of di l i thio isobutyrate and a direct 
/n situ reduction of the adduct 61 with NaBH4 in water. The crude hydroxy acid 62 
was treated wi th D M F dineopentyl acetal in ref l i ix ing CHCI3，affording a ca. 3:1 
mixture of rosefuran (4) and ^-lactone 63. The latter was quantitatively converted to 
the hydroxy acid 62 which could be recycled to 4 and 63 (Scheme 16). 
13 
CHa 二 CHa 
/ 1. />BuLi (2x) 」 
f ^ K 2. ClCO2Me A ^ 
H O 」 \ \ - ^ ^ M e 0 2 C 0 j \ 
58 59 C〇2Me 
CH3 
CH3 
NaOMe ^ _ / A . , 
MeOH-TH^ ^ ^ ^ y _ ^ C 〇 2 M e H3C CO2H 
69% ^ o ' ' ^ ^ ^ ^ ^ LDA, THF 
60 
_ _ / C H 3 〇 0 I.NaBH4 _ / C H 3 〇 H 〇 
^ > A < ^ O U ^ ^ ^ > ^ O H 
〇 H3CZ ^CH3 • H3CZ ^CH3 
61 62 
A 1. NaOH 
2. H+(100%) 
Me2NCH(ocH2C(CH3)3)2 _ ^ C H 3 ,CH3 〇 _ ^ o 
CHCI3, hea， O ^ ^ ^ ^ C H 3 + / T ^ ^ _ ^ i ^ c H 3 




I.4.k. V ia 3-hydroxyketone cyclization33 
l -Butyn-3-o l 65 was formed from propargyl bromide (64) and acetone. Thus, 
tertiary acetate 66 prepared from 65，provided the p,y-unsaturated ketone 67 which 
underwent hydroxylation-cyclization to form the furan r ing 68. Saponification of 68 
produced alcohol 51. Dehydration of the alcohol generated a mixture ofrosefuran (4) 




EtoO r t CH2CI2, r.t. 
H = ： CH2Br ^ ' >• H ~ = ~ V /CH3 > 
89% Y C H 3 94% 
. 6 4 65 OFH 
NH4PFs,100^C 0 〇Ac 
H - ^ ^ C H s CH3CH(QH)CH.CH, H 2 C ^ " Y ^ ^ C H 3 
r^CHg 69% CH3 CH3 
66 OAc 67 
CH3 
OsO4. NMO ^ _ / p u LiOH, H2O 
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L4.1. By [3+2] n i t r i l e oxide cydoaddi t ion^^ 
This approach to rosefuran involved the [2+3] cycloaddit ion of the nitr i le 
oxide generated under a classical Mukaiyama condit ion f rom the known primary 
n i t rocompound 69, which was protected by crotyl acetate 70 to af ford the key 
intermediate 3,5-disubst i tuted isoxazoline 71. Sponif icat ion o f acetate 71 b y 
treatment w i th methanolic potassium carbonate provided the alcohol 72，which 
conveniently led to the formation of 73 by means of molybdenum hexacarbonyl in 
wet acetonitr i le. As anticipated, exposure of 74 to a catalytic amount of p-
toluenesulfonic acid formed rosefuran (4) (Scheme 18). 
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Most of the aforementioned methods either generated a mixture o f rosefuran 
(4) or gave unsatisfactory overall yields. New syntheses of rosefuran are therefore 
needed, the most eff ic ient one being that producing no isomeric f o rm of rosefuran in 
high yields. 
I .5. Syntheses of 2,4-disubst i tuted furans 
2,4-Disubstituted furans, l ike other polysubstituted furans, occurred as key 
structural units o f many natural products such as (+)-b i lobanone (75),35 an 
intermediate in the synthesis of juvabione. Sesquiterpene (76)36 also possesses a 2,4-
disubstituted furan skeleton and is an anti- inf lammatory metabolite. Cristatic acid 
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A brief review on various synthetic methods of 2,4-disubsituted furans in 
recent years are presented below. 
L5.a. By electrochemical method^^ 
A n electrochemical reduction on Hg cathode of a dropping solution of 
phenacyl bromides 78 in dry acetone-LiClO4 ini t ial ly yielded enolates 79. Then 79 
»* 
further reacted wi th acetone (80) to form another enolates 81. Final ly, phenacyl 
bromides 78 reacted with enolate 81 to give 4-aryl-2-methyl furans 82 (Scheme 20). 
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L5.b. F r o m acyclic reagents39 
A simple synthesis of 2,4-disubstituted furan 85 f rom readi ly and 
commercial ly available starting materials 1 -propargyl-benzotr iazole (83) was 
r e p o r t e d .39 Compound 83 was deprotonated on treatment wi th /2-BuLi t0 generate 
anion 86 which attacks the carbonyl group of the a-bromo ketone to yield adduct 87. 
The oxygen anion of 87 intramolecularly displaced the bromide to form epoxide 88, 
In the reaction, benzotriazol group acted both as an electron-withdrawing substituent 
and as a good leaving group. Potassium rerr-butoxide eff ic ient ly promoted 1,4-
elimination of alkynyloxirane 88 to form cumulenyl alkoxide 89 which underwent 
l,5-endo-dig cyclization to afford vinyl anion 90 fol lowed by rapid protonation and 
arrangement to generate furan 84. Upon treatment wi th ZnCl2 in CH2Cl2, 84 
underwent Friedel-Crafts type reaction wi th 2-methylfuran to af ford furan 85 
(Scheme 21). 
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Scheme 21 
L5.c. F r o m 2,3-d isubst i tu ted furan^O 
2-(f-Butyldimethylsilyl)-3-(trimethylsilyloxymethyl)furan (91) reacted with n-
BuLi, and then followed by addition of various electrophile to form 2,3,5-trisiibstituted 
furan 92, which upon treatment with tetra-/2-butylamm0nium fluoride formed 2,4-
disubstituted furan 93 (Scheme 22). 
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L5.d. F r o m P - h y d r o x y su l fones4 l 
p-Hydroxy sulfones 94 were useful synthetic intermediates because of the 
ability of the sulfonyl group to stabilize an adjacent carbanion and to act as a leaving 
group in elimination reaction. In summary, 2,4-disubstituted furan 96 were 
•\\ - . ‘ 
synthesized in good yields via I2-induced cyclization, followed by base-catalyzed 
aromatization of the resulting p-hydroxy sulfones (Scheme 23). The mechanism 
suggested that tetrahydrofuran 95 was generated through the intramolecular cyclization 
of 94. Then, 2,4-disubstituted furan 96 was obtained by base-catalyzed aromatization 
of 95. 
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I .6 . Synthesis of 2 , 3 , 4 - t r i subs t i t u t ed f u r a n s 
2,3,4-Trisubstituted furans are structural features of many naturally occurring 
compounds. For examples, tanshinone ( 9 7 )42 and halenaquinone ( 9 8 ) 4 3 a l l possess a 
2,3,4-trisubstituted pattern (Scheme 24). Moreover, they are important compounds as 
synthetic intermediates. For this reason, effcient preparation of 2,3,4-trisubstituted 
furans continues to be of paramount interest. 
决 ％ 。 
9 7 9 8 
Scheme 24 
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I.6.a. Via tantalum-alkyne c o m p l e x e s 4 4 
This paper disclosed a regioselective preparation of highly substituted furans 
102 and 103 from three components, i.e. acetylenes 99，aldehydes 100 and 
isocyanide 101 by means of low-valent tantalum promoted processes (Scheme 25). 
Reactive tantalacyclopropene 104 was generated by the reaction between alkyne 
99 and low-valent tantalum derived from TaCl5 and zinc. Successive addition of 
aldehyde 100 gave oxatantaJiacyclopentene 105. Treatment of 105 with isocyanide 
afforded furans 102 & 103 as a mixture. 
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Scheme 25 
I . 6 . b . V i a i n t r a m o l e c u l a r D ie l s -A lde r reac t ion o f oxazole a l c o h o l s 4 5 
Reaction of lactone 1 0 6 and lithiomethylisocyanide gave the desired oxazole 
alcohol 107 via an intriguing mechanism as shown in Scheme 27. Compound 1 0 7 
was cleanly oxidized to the unstable aldehyde 108 which was condensed with 
lithiopropyne and the intermediate alcohol was oxidized to give 109. Finally, 
compound 109 was smoothly converted to the furan 110 (Scheme 26). 
H 3 c x y ^ 0 LiCH2Nc> H 3 c y ^ x ^ i : ) 
k ^ O DMFATHF l ^ ^ O 
106 60% 
H 3 " V ^ ^ N 
^ L o M ^ H ^ 
_ ^ ^ H _ 
2 3 
“ H “ 
H s C X ^ v ? ^ ^ H2O ^ s C , ^ ^ ^ l 
x ^ - x ^ � 
L \ ^ H 」 ^ ^ 〇 H 
1 0 7 
i~N 
(COCI2) H3Cv^^^^-v^ \\ HgC 二 -MgBr 
DMSO, Et3N T 〇 THF 
93% ^ ^ H 74% 
〇 
108 
H s C . ^ - ^ ^ ( _ ) > H 3 C ^ ^ ^ 3 
^ 0 DMSO, Et3N [ \ o 
7 = CH3 85% 、 = CH3 
HO 〇 
“ 1 0 9 
〇 
~ " " ^ ^ H 3 C ^ ^ ^ 
-HCN \ ^ ~ ~ 、 




I.6.c. By using unsa tu ra ted s u l f o x i d e s 4 6 
The synthetic strategy is shown in Scheme 27. Through Michael addition, the 
alkenyl sulfoxide 111 was added to /3-keto ester 112 in the presence of sodium 
methoxide in methanol. Treatment of the Michael adduct 113 with trichloroacetic acid 
gave the reactive sulfenium ion intermediate 114. A second nucleophilic attack and 
subsequent intramolecular trapping by the enol oxygen provided the cyclized product 
115. MCPBA oxidation of the cycHzed product generated the sulfoxide as a good 
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I .7 , Synthesis of 2 ,3 ,5 - t r i subs t i tu ted f u rans 
Lophotoxin (117)47, ^ potent neurotoxin that causes paralysis and 
asphyxiation, and gorgiacerone (118)48 are important natural compounds which 
contain a 2,3,5-trisubstituted furan ring in its skeleton (Scheme 28). The regio-
synthesis fo 2,3,5-trisubstituted furans is therefore of importance. The fol lowing 
reactions are some of the most recent development in this direction. 
_ _ ^ C H 〇 CO2Me 




I.7.a. F r o m a , p - u n s a t u r a t e d k e t o n e ^ 9 
Halogenation of a,p-unsaturated ketones is a wel l-known reaction, leading 
regioselectively to a-bromo-P-alkoxy ketone 119. Compound 119 ( in its enolated 
form) can be converted to 2-acetyl-4-alkoxymethyl-5-methylfurans (120) in a rapid 
heterocyclization reaction with l,8-diazabicyclo[5,4,0]undec-7-ene (DBU) (Scheme 
29). 
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Scheme 29 
I .7.b. By p a l l a d i u m cata lyzed cyc l izat ion^^ 
Palladium, as a very commonly used catalyst, could catalyze furan formation. 
In Scheme 31, acetylenic ketones 121 could cyclize in the presence of 
dichlorobis(acetonitrile)palladium (II). The reaction involved the coordination of the 
palladium (II) onto the triple bond of the ketone 121. After the coordination of Pd(II), 
the ketone 123 would proceed to open the C-Pd-C ring. Finally, the elimination of 
water molecules and replacement of the proton gave the furan 122 (Scheme 30). 
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I .7.c. V i a based-catalyzed i somer iza t ion of a lkyny lox i ranes^ ^ 
Alkynyloxiranes were able to isomerize to different substituted furans upon 
treatment with f-BuOK in f-BuOH and 18-crown-6. This reaction is regarded as an 
unusual cyclization which involved an initital 1,4-elimination of the alkynyloxirane 124 
leading to the cumulene 125. Intramolecular cyclization of 125 gave a vinylic anion 
126 which underwent a proton transfer via 127 and 128 followed by protonation to 
furnish 129 (Scheme 31). 
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11. Results and Discussion 
I I . 1 . Regiospeci f ic synthesis of 2 ,3 -d isubs t i tu ted f u r a n s 
I I . l . a . Synthesis o f 2 , 4 - b i s ( t r i m e t h y l s i l y l ) f u r a n (137) 
In previous works, Song has demonstrated the use of Diels-Alder and retro Diels-
Alder reactions to prepare 3,4-bis(trimethylsiiyl)furan (132)52 which wou ld serve as a 
bui ld ing block for the regiospecific synthesis of 3,4-disubstituted furans. Thus, 3,4-
bis( t r imethyls i iy l ) furan (132) underwent regiospecific ipso-suhstitution w i th boron 
trichloride to afford tr is[(4-tr imethylsi ly l) furan-3-yl]boroxine (133) and regiospecific 
Suzuki-type cross-coupling reaction to afford 3-substituted-4-trimethyisilyifuran 134. As 
expected, the remaining tr imethylsi lyi group of 134 was replaced by boron trichloride to 
afford boroxine 135. Again, boroxine 13^ readily underwent Suzuki-type cross-coupling, 
reaction to furnish 3,4-disubstituted furan 136 due to the ipso-subsiitution tendency of 
silicon (Scheme 33).52,53 
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In Figure 2, the conjugation between the carbon-silicon a-bond and the adjacent p-
orbital is responsible for the intermediate's stability. This kind of stabilization is often 
described as ~-effect. From this reaction, the trimethylsilyl group is readily replaced by a 
variety of electrophilic reagents. In phenyltrimethylsilane as shown in Scheme 34, an 
electrophilic attack occurs at the ispo position because of the stabilization offered to an 
adjacent carbocation by the carbon-silicon bond. Inspection of this electrophilic attack hints 
that the ipso-substitution of a proton on trimethylsilylated aromatic compound might result 
in the migration of the trimethylsilyl group. 54 
~-effect: stabilization of a carbonion 
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Based on these facts, we have eventually prepared 2,4-bis(trimethylsilyl)furan 
(137)55 from bis(trimethylsilyl)acetylene and 4-phenyloxazole in a catalytic amount of 
formic acid after many unsuccessful trials (Scheme 35)56,57 
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The rearrangement of a tr imethylsi ly l group f rom p-posi t ion to a-posi t ion o f a 
furan nucleus occurs because of the sterically unfavorable orientation o f two tr imethylsi lyl 
groups at the C-3 and C-4 position.58 The mechanism of the isomerization o f 132 to 137 
is shown in Scheme 36 which involves protonation, migration and deprotonation. 
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Scheme 36 
As shown in Scheme 37，also after many unsuccessfu l t r ia ls, 3,4-
b i s ( t r i m e t h y l s i l y l ) f i i r a n ( 1 3 2 ) was successfully conver ted e f f i c ien t l y to 2,4-
b is( t r imethy ls i ly l ) furan (137) on exposure to tr i f Iuoroacetic anhydride containing a 
catalytic amount of trifIuoroacetic acid with carbon tetrachloride as a solvent. 
Me3Si SiMe3 (cF3Co)2O _ / 隐 3 
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Generally, the chemical shifts of the a-protons on a furan ring are invariably found 
at a lower f ie ld than 5 7.00 ppm, while the chemical shift of the P-protons of a furan r ing 
are between 5 6.00-7.00 p p m . 5 9 in agreement with this trend, the l H N M R spectrum of 
137 showed signals at 5 6.60 ppm (s, l H ) and 5 7.54 ppm (s, lH ) . 
Af ter many unsuccessful trials of the rearrangement of 132 in different reaction 
conditions ^ n t r y 1 to 5 in Table 1), i t was found that the reaction involving a 0.3 M carbon 
tetrachloride solution of 132 containing 10 mol% of trifluoroacetic anhydride gave 2,4-
bis(trimethylsilyl)furan (137) in the highest yield (82%). Comparison of Entries 6 and 7 
wi th other Entries indicates that smaller scale experiments require relatively more catalyst 
than larger scales. 
Entry 13 2 catalyst solvent Reaction time 13 7 
(CCI4) & Temperature Yield (%) 
1 0.5g CF3COOH (0.05 ml) no solvent 24h & 16Q0C very low 
2 0.5g (CF3CQ)2O (0.05ml) no solvent 24h&16Q0C 7% 
3 Q.5g (CF3CO)2Q (().()5ml) ]_m] 24h & 16QGC 50% 
4 Q>5g (CF3CO)2O (Q.()5ml) ^ 24h & 16QoC 85% 
5 Q.5g (CF3CO)2O (0.30ml) 8 j ^ 24h & 16QoC 55% 
6 4g (CF3CO)2O (0.4ml) 60 ml 24h&16Q0C 60% 
7 4g (CF3CO)2O (Q.2ml) 60 ml 24h&16QoC 80% 
Table 1 
2,4-Bis(trimethylsilyl)furan (137) was used as a building block for the synthesis of 
2,3-disubstituted furans. The synthetic util ity of 137 is outlined in the fol lowing Section. 
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I I . l . b . Synthesis of 2 - w - h e x y l - 3 - t r i m e t h y l s i I y ! f u r a n (140) a n d 2 -benzy I -3 -
t r i m e t h y I s i l y l f u r a n (143) 
I t was wel l -known that lithiation took place readily at C-2 and C-5 positions o f 
furan due to the electron-withdrawing character of oxygen.60 In agreement of this, n-hexyl 
group was added to the C-5 position of 137 through an ini t ia l n-buty l l i th ium (n -BuL i ) 
deprotonation to afford 2-n-hexyl -3,5-b is( t r imethyls i ly l ) furan (138). Subsequent 
preferential /p56>-iodination6l,62 of the trimethylsilyl group at the a-posit ion provided the 
iodide intermediate 139. Without further purification, this iodofuran 139 was reduced by 
l i th ium aluminum hydride (LAH) in THF at room temperature to furnish 2-n-hexyi-3-
trimethylsilylfuran (140) (Scheme 38). 
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Scheme 38 
The ^NMR spectrum of 140 showed two doublets corresponding to the double 
bond protons of furan r ing at 5 6.25 (d, l H , J = 1.7 Hz) and 5 7.33 ppm (d, l H , J = 1.7 
Hz). The structural formula was also confirmed by an elemental analysis. 
35 
As expected, benzyl group could also be added to 2,4-bis(trimethylsi lyl)furan 
(137) through n-BuLi and benzyl bromide to give 2-benzyl-3,5-bis(trimethylsilyl)furan 
(141). Iodination provided iodofuran 142 and L A H reduction furnished 2-benzyl-3-
tximethylsilylfuran (143) (Scheme 39), 
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Scheme 39 
The important structural features of 143 in the ^H N M R spectrum are two triplets 
of the furan ring a-proton at 5 6.30 (t，lH, J = 1.9 Hz) and P-proton at 5 7.35 ppm (t, l H , 
J =1.9 Hz). The structure of 143 was also confirmed by both microanalysis and mass 
spectrometric data. 
I L l . c . Synthesis o f 3 - b e n z y I - 2 - « - h e x y l f u r a n (145) a n d 2 -benzy ! -3 - [3 ,4 -
(me thy Iened ioxy ) ]benzy l f u ran (153) 
2-w-Hexyl-3-trimethylsilylfuran (140) was treated wi th boron trichloride (BCl3) 
and saturated sodium carbonate solution to provide boroxine intermediate 144.63,64 The 
intermediate 144 was too unstable for it to be isolated, and therefore no data could be 
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obtained except for mass spectrometric data which showed M + at m!e 552. A key feature 
o f the formation o f 144 was the displacement of the s i ly l group o f 140 which has been 
made possible by using a strong Lewis acid, i,e. boron t r i c h l o r i d e . ^ 3 , 6 4 As it turned out, 
the result ing dichloroborane were easily hydroIyzed to boroxine 144. Us ing Pd(0)-
catalyzed Suzuki-type cross-coupling r e a c t i o n , ^ 5 , 6 6 , 6 7 boroxine 144 was coupled w i t h 
benzyl bromide to generate 3-benzyl-2-n-hexylfuran (145) (Scheme 40). 
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Scheme 40 
The mechanism for the coupl ing of benzyl halide w i th boroxine is outl ined in 
Scheme 41. The oxidative addition o f RX to the activated Pd(PPh3)2 given by Pd(PPh3)4 
. . • 
generated an organohalo-pal ladium complex 146. A metathetical displacement o f the 
halide ion f rom R-Pd-X wi th a hydroxide ion gave as expected an organopal ladium 
hydroxide 147 which was believed to be more reactive than the or iginal organopalladium 
hal ide 146,65,66 Borox ine 148 then took part in the catalyt ic cycle, releasing a 
tetrahydroxyboroxine ion 149 and furnishing the diorganopalladium 150. On completion 
o f the catalytic cycle, reductive elimination of 150 provided furan 151 w i t h simultaneous 、 
regeneration of the activated Pd(PPh3)2 species. 
37 
R Pd(PPh3)4 
R ' - ^ 〇 》 、 ^ ^ -2PPh3 RX 
151 y ^ pd(pph3)2 - — - . ^ ^ 
R f � 
( P P h 3 ) 2 P < ^ ^ 
R , _ ^ (PPh3 )2P (x 
0 146 
150 
r n© I 
H c y O y O H _ ^ R i ^ O H -
0 、 / 〇 ^ ^ (PPh3hP<R V 
. H 〇 z \ 〇 H _ ) OH / 
147 f 
149 〇 丫 8 , 0 ^ X-
认 已 八 巳 々 
1 丨 k, 
0 、 . 0 
" ‘ ^ 
148 
Scheme 41 
The l H N M R spectrum of 145 indicated the presence of w-hexyl protons w i th 
absorptions between 5 0.81 and 5 2.53 ppm (13H). The benzylic protons at C-3 position 
exhibited resonance at 5 3.83 ppm (2H) as a singlet. The C-4 position showed signals at 5 
5.84 ppm ( l H , J = 1.8 Hz) as a doublet. The aromatic protons of the C-2 benzyl group 
and the proton at C-5 showed a multiplet between 5 7.13 and 5 7.24 ppm (6H). 
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Othe r des i red 2 ,3 -d i subs t i t u t ed f u ran , n a m e l y 2 - b e n z y l - 3 - [ 3 , 4 -
(methylenedioxy)]benzylfuran (153) was also synthesized through the intermediate o f 
boroxine 152 (Scheme 42). 
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Scheme 42 
In the l H N M R spectrum of 153, there were three singlets locating at 5 3.58 (2H), 
5 3.88 (2H) and S 5.82 ppm (2H) which corresponded to the benzylic protons at C-2, C-3, 
and methylene protons of the methylenedioxy group, respectively. The C-4 and C-5 
protons showed two doublets at 5 6.08 (d, l H , J : 1.8 Hz) and 5 7.20 ppm (d, l H , J 二 
1.8 Hz), respectively. The multiplets of the aromatic protons appeared between 5 6.51 and 
5 7.23 ppm (8H). 
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I L 2 . Syntheses of rose fu ran (4) 
Af ter completing the synthetic study of 2,3-disubstituted furans, we also wish to 
uti l ize this method to the synthesis of natural substances. The challenge posed in this 
program can be illustrated by the preparation of a very simple furan such as rosefuran (4), 
the essence of one of the most prized fragrances, oi l o f r o s e . l 5 
« 
n.2.a. Synthesis of rose fu ran (4) f r o m 2 ,4 -b i s ( t r ime thy l s i l y ! ) f u ran (137) 
We have developed two methods to synthesize rosefuran (4) u t i l iz ing 2,4-
bis(trimethylsilyl)furan (137) and 3-methyl-4-trimethylsilylfuran (158) as building blocks 
The first method is the application of our methodology developed for the realization of 2,3-
disubstituted furans. 
We have reasoned previouly that lithiation should take place preferentially at the C-2 
posit ion o f 2,4-bis(tr imethylsi ly l ) furan (137) using n-buty l l i th i i im. Therefore, the 
lithiofuran so generated which was alkylated with 3,3-dimethylallyi bromide to give 2-(3,3-
d imethy la l ly l ) -3 ,5-b is( t r imethy ls i ly l ) furan (154). The usual ipso-iodmmon at C-5 
position with silver trifliioroacetate and iodine in THF at -78«C provided iodide 155 which 
was reduced by l i th ium aluminum hydride in THF at room temperature to furnish 2-(3,3-
dimethylal ly l ) -3- t r imethyls i ly l furan (156), Furan 156 was treated consecutively wi th 
boron trichloride and sodium carbonate solution to provide an intermediate boroxine 157. 
A Pd (0)-catalyzed Suzuki-type cross-coupling reaction between 157 and dimethyl sulfate 
afforded rosefuran (4) (Scheme 43). A shortcoming of this method is that i t includes four 
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The l H N M R spectrum of 4 showed two singlets locating at 5 1.60 (6H) and 5 
2.19 ppm (3H) which corresponded to the methyl protons of the al lyl group at C-2 position 
and C-3 methyl protons, respectively. The allylic methylene protons at C-2 position, furan 
protons at C-4 and C-5 exhibited three doublets at 8 3.27 (2H, J 二 6.7 Hz), 5 6.16 ( l H , J 
41 
= 1 . 8 Hz) and 5 7.22 ppm ( l H , J = 1.8 Hz), respectively. The mult iplet of the vinyl ic 
proton appeared at between 5 5.22-5.28 ppm ( lH) . 
I I . 2 . b . Synthes is o f r o s e f u r a n (4) f r o m 3 - m e t h y I - 4 - t r i m e t h y I s i I y ! f u r a n 
( 1 5 8 ) 
Most o f the synthetic methods of rosefuran (4)15 metioned before either generated a 
mixture of 4 and its isomer or gave an unsatisfactory overall yield. The most efficient 
method should be the one that produces no isomeric form of rosefuran (4) in high yields. 
For this reason, we were successful in devising a two-step method f rom which rosefuran 
(4) was prepared from 3-methyl-4-trimethylsilylfuran (158) as a building block. 
From Song's study of 3,4-disubstituted furan s y n t h e s i s , 5 2 it is clear that the strong 
directing effect o f t r imethylsi ly l groups should lead to /.vpo-siibstitution. On the other 
hand，we also believe that trimethylsilyl groups not only play the role as directing groups in 
our synthetic strategy, but also act as blocking groups due to their bulkiness. Owing to this 
reason, we were confident that 3-methyl-4-trimethylsilylfuran (158) could also be lithiated 
at C-2 position regiospecifically. Af ter the generation of this regiospecific substituted 
furan, our remaining task is to remove the trimethylsilyl group to give rosefuran (4). 
In earlier works, Song has prepared 3-methyl-4-tr imethylsi lylfuran (158)68 f rom 
trimethylsilylpropyne and 4-phenyloxazole through the Diels-Alder and retro Diels-Alder 
reactions (Scheme 44). We have modified this reaction in order to obtain 158 in a better 
yield and in a larger scale. The synthetic procedures of 4 are outlined in the fo l lowing 
Section. 
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Our init ial attempt was to employ ,z-butyllithium to lithiate the C-2 position and 
alkylate wi th 3,3-dimethylallyl bromide. Unfortunately, the outcome was an inseparable 
mixture o f C-2 and C-5 aIlylfurans 159 and 160 (Scheme 45). This procedure was 
therefore not pursued further. 
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M 0 3 S . y _ ^ e 1 . . - B U U : 1 
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Scheme 45 
Owing to the failure to obtain a single regioisomer as stated above, we chose a more 
bulky base, namely r^rr-butyl l i thium (r-BuLi) to abstract the C-2 proton. As anticipated, 
the al lyl group could be regiospecifically incorporated to C-2 position, thus resulting in the 
generation o f 2-(3,3-dimethylal ly l ) -3-methyl-4-tr imethyls i ly l furan (159) as a single 
isomer. Subsequently, protodesilylation using trif luoroacetic acid in chloroform at 
«» 
refluxing temperature removed the trimethylsilyl group to fumish rosefuran (4). 
This method included two steps starting from 3-methyl-4-trimethylsilylfuran (158) 
and the overall yield was 78% (Scheme 46). 
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Scheme 46 
The structure of 4 was supported by both elemental analysis and spectrometric data 
as compared wi th literature reports.l8,24-34 
I I . 3 . Reg iospec i f i c synthesis of 2 ,4 -d i subs t i t u ted f u r a n s 
From our synthetic strategy of rosefuran (4) using 3-methyl-4-tr imethylsi ly l furan 
(158) as a bui ld ing block, we became confident that 3-tr imethylsi ly l furan (163) would be 
a convenient precursor o f 2,4-disubstituted furans. 
-< 
n . 3 . a . Synthes is of 3 - t r i m e t h y ! s i l y I f u r a n (163) 
3-Tr imethyls i ly l furan (163)52 was prepared successfully f rom 4-phenyloxazole 
and tr imethyls i ly lacetylene (Scheme 47) and was selected as a precursor for 2,4-
disubstituted furans . 
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I I . 3 . b . Synthes is o f t r i ( 2 - b e n z y I f u r a n - 4 - y l ) b o r o x i n e (165) 
Encouraged by the success in preparing rosefuran (4), the synthetic strategy to be 
employed for 2,4-disubstitiited furans was to choose a bulky base, r^rr-buty l l i th ium, to 
abstract the C-5 proton o f 3-trimethtylsi lylfuran (163). As expected, the C-5 position of 
163 was lithated regiospecifically by r-BuLi, alkylation wi th benzyl bromide thus resulting 
in the generation of benzylfuran 164. Treatment of 164 wi th boron trichloride and sodium 
carbonate solution provided boroxine 165 (Scheme 4 8 ) . ^ Boroxine 165 was very useful 
to undergo various reactions. 
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Scheme 48 
The structure o f 165 was substantiated by N M R and a correct mass spectrometric 
analyses, as wel l as by an elemental analysis. 
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n . 3 . c . Synthesis o f 2 -benzy l -4 - ( / ; - to Iy l ) fu ran (166) and 2-benzyI -4- ( / r f lws-
2 - p h e n y I v i n y ! ) f u r a n (167) 
A palladium-catalyzed Suzuki-type cross-coupling reaction65 between boroxine 
165 andp-bromotoluene using tetrakis(triphenylphosphine)-palladium (0) as a catalyst, in 
methanol, toluene and 2 M Na2CO3 solution at refluxing temperature afforded 2-benzyl-4-
0^-tolyl)furan (166) (Scheme 49). 
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The l H N M R spectrum of 166 exhibited two doublets at 5 7.13-7.16 (2H, J = 7.7 
Hz) and 5 7.31-7.34 ppm (2H, J 二 7.7 Hz) which corresponded to the two pairs of 
symmetrical protons of the tolyl group at the C-4 position. The methyl protons of the tolyl 
group showed absorption as a singlet at 5 2.33 ppm (3H), so did the benzylic protons at 5 
3.99 ppm (2H). The C-3 and C-5 protons exhibited a doublet at 6 6.29 ( l H , J 二 1.0 Hz) 
and a singlet at 5 7.58 ppm ( lH ) , respectively. The other f ive aromatic protons appeared 
as a multiplet at 5 7.24-7.31 ppm. The formula of 166 was also confirmed by a correct 
microanalysis. 
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Likewise, the Suzuki-type cross-coupling r e a c t i o n 6 5 between boroxine 165 and p -
bromostryene provided 4-(rr<3^--2-phenylvinyl)-2-benzylfuran (167) (Scheme 50). 
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In the l H N M R spectrum of 167, the vinyl ic protons showed two doublets at 5 
6.65 and 6.85 (2H, J = 16.1 Hz), The C-3 and C-5 protons provided a singlet at 5 6.20 
( l H ) and at 5 7.36 ppm ( l H ) , respectively. The benzylic protons showed a singlet at 6 
3.90 ppm. The aromatic protons of the two phenyl groups afforded a multiplet at 5 7.14-
7.36 ppm ( lOH). 
I I .3.dL Synthes is o f 2 - b e n z y l - 4 - ( t r i m e t h y l s i l y l e t h y n y l ) f u r a n (169) 
The reactivi ty o f 165， in addition to cross-coupling reactions, has also been 
assessed. This avenue was explored by treating 165 wi th iodine in the presence of silver 
te t ra f luoroborate in T H F at -78^C, which afforded 2-benzyl-4- iodofuran (168).69 
Iodofuran 168 reacted w i th tr imethylsi ly lacetylene in accord to the Sonogashira 
p r o c e d u r e ^ O J l to afford an unsymmetrical 2,4-disubstituted furan, namely 2-benzyl-4-
(trimethylsilylethynyl)furan (169) (Scheme 51). 
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The mechanism was initiated when the Pd(II) complex reacted wi th a terminal 
acetylene in the presence of diethylamine and copper(I) iodide to form a diaDcynylpalladium 
complex which went through a reductive elimination of diacetylene to become a reactive 
Pd(PPh3)2 species. A subsequent oxidative addition of iodofuran 168 to Pd(PPh3)2 gave 
the furyl- iodo-palladium complex 172 on which alkynylation again took place to form a 
fury l -a lkynyl pal ladium 173’ Subsequently, the cycle was completed by an reductive 
el imination of the coupling furan 169 and the regeneration of the reactive Pd(PPh3)2 
species (Scheme 52).70,71 
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The ^H N M R spectrum o f 169 indicated the presence of the tr imethyls i ly l protons 
at 6 0.19 ppm (9H) as a singlet. The benzylic protons and the C-3 proton of the furan r ing 
exhib i ted a singlet at 5 3.90 (2H) and a doublet at 5 6.04 ppm ( l H , / = 0.8 Hz) , 
respectively. The C-5 proton was found at 5 7.50 ppm ( l H ) as a singlet. There were also 
aromatic protons o f the C-2 benzyl group absorbing at 5 7.17-7.31 ppm as a multiplet. 
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I I . 3 .e . 2 , 2 ' - B i s ( b e n z y l ) - 4 , 4 ' - b i f u r a n (1.74) 
Based on the use of palladium-catalyzed r e a c t i o n s ,65 the highly efficient self-
coupling procedure which involved the use of 165 indeed afforded the symmetrical 2,2'-
bis(benzyl)-4,4'-bifuran (174) (Scheme 53). 
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In the l H N M R spectrum of 174，there were three singlets locating at 5 4.04 (4H), 
5 6.17 (2H) and 5 7.50 ppm (2H) which corresponded to the benzylic protons, C-3 and C-
5 proton of the furan ring, respectively. The aromatic protons appeared at 5 7.30-7.43 
ppm as a multiplet. 
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I I . 4 . Regiospecif ic synthesis of 2,3,4- t r isubst i tu ted f u r a n 
Song has synthesized 4- iodo-3- t r imethy ls i ly l fu ran (175)68 f rom 3,4-
bis(trimethylsilyl)furan (135) through the regiospecific iodination of 135 over iodine and 
silver trifluoroacetate in THF at -78°C. Iodofiiran 175 coupled with w-butylmagnesium 
chloride using nickel-catalyzed cross-coupling r e a c t i o n 7 2 , 7 3 to give 4-n-buty l -3-
trimethylsilylfuran (176) (Scheme 54). 
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Scheme 54 
The general mechanism of the nickel-catalyzed cross-coupling is shown in Scheme 
55. As can be seen, the dihalodiphosphone nickel reacted with a Grignard reagent to form 
an intermediate diorganonickel complex which after releasing an organo-dimer, was 
converted to an activated Ni(0) complex. An oxidative addition of iodofuran 175 on Ni(0) 
fol lowed by transmetallation with ^-BuMgCl furnished the diorganonickel complex 177. 
Reductive elimination of the coupling product 176 resulted in the regeneration of the 
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From our previous study on regiospecific l i thiat ion and alkylat ion of 2,4-
«> 
disubstituted furans, i t is known that the a-posi t ion o f 176 should be l i thiated 
regiospecifically using ^rr-butyl l i th ium. In this manner, 3，3-dimethylallyl bromide was 
used to alkylated the resulting lithiated furan to form 3-w-butyl-2-(3,3-dimethylallyl)-4-
tr imethylsi lyl furan (178) in high yields. Subsequent /p^o-iodination at tr imethylsi lyl 
groups provided 3-n-butyl-2-(3,3-dimethylallyl)-4-iodofuran (179) (Scheme 56). In this 
reaction, iodofuran 179 was isolated and the yield was a meager 10% . Due to the low 
yield of this route, 179 has not been converted further. 
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The l H N M R spectrum of 179 indicated the presence of the /2-butyl protons at C-3 
position, which absorbed at 5 0.93 ppm (3H) as a triplet, at 5 1.33-1.50 ppm (4H) as a 
multiplet, and at 5 2.35 ppm (2H) as a triplet, respectively. The methyl protons of the al lyl 
group at C-2 position showed absorption at 5 1.71 ppm (6H) as a singlet. There were a 
doublet at 5 3.28 (2H, J = 6.7 Hz) and a singlet 8 7.12 ppm ( l H ) , which corresponded to 
the al lyl ic methylene protons and the proton at C-5 postion, respectively. The vinyl ic 
proton resonanced at 5 5.22-5.25 ppm ( l H ) as a multiplet. 
I I . 5 . Regiospeci f ic synthesis of 2 ,3 ,5 - t r i subs t i tu ted f u r a n 
(Mod i f i ca t ion of react ions car r ied out or ig ina l !y by C. Y . Leung) 
In earlier works in our laboratory, Leung developed a regiospecific synthetic 
procedure for the preparation o f 2,3,5-trisubstituted furans,55 However, the yield of the 
Ni-catalyzed cross-coupling r e a c t i o n , 7 2 the boroxine f o r m a t i o n 6 3 and the Suzuki-type 
cross-coupling reaction^^ were all unsatifactory. For this reason, our task at the beginning 
was to improve the reaction conditions and optimize the reaction yields for reactions 
original ly performed by Leung. Scheme 57 outlines the overall synthetic procedures. 
Through lithiation and alkylation, a benzyl group was chosen to replace the C-2 proton of 
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137，thus resulting in the generation of benzylfuran 141. Subsequent ipso-iodimiion at 
C-2 provided the iodide 180 which through a Ni-catalyzed cross-coupling yielded diaryl-
furan 181. Af ter we repeated the Ni-catalyzed cross-coupling reaction in different 
conditions, it seemed that the reaction time and solvent did not affect the reaction yield very 
much. Treatment of 181 wi th one equivalent of boron trichloride at -78^C and a 
subsequent work up with saturated Na2CO3 solution and diethyl ether afforded boroxine 
182 as an intermediate. Employing palladium (0) as a catalyst, and in methanol, toluene 
and 2 M Na2CO3 solution at refl i ixing temperature, 182 afforded 183. In the boroxine 
formation reaction, we prolonged the reaction time from an hour to three hours. Work up 
with saturated sodium carbonate solution and Suzuki-type cross-coupling reaction gave 3-
m-anisyl-2-benzyl-5-p-tolylfuran (183). The yield could be increased f rom 57% to 65% 
for two steps (boroxine formation and Suzuki-type cross-coupling reaction). 
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The l H N M R spectrum of 183 exhibited two doublets at 5 7.18 and 7.57 ppm 
(4H, J = 8.2 Hz) which corresponded to the two pairs of symmetrical protons of the tolyl 
group at the C-5 position. The methyl protons of the tolyl group appeared as a singlet at 5 
2.35 ppm (3H), so did the methoxy and the benzylic protons at 5 3.76 (3H) and 5 4.20 
ppm (2H), respectively. The nine aromatic protons gave rise to the appearance of a 
mult iplet at 5 6.81-7.33 ppm. The structure of 183 was supported also by its mass 
spectrum which showed M+ at mle 354. 
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n i . Conc lus ion 
Rosefuran (4)，3-benzy l -2 -^z-hexy l fu ran ( 1 4 5 ) and 2 -benzy l -3 - [3 ,4 -
( m e t h y l e n e d i o x y ) ] b e n z y l f u r a n ( 1 5 3 ) have been synthesized f r o m 2,4-
b is ( t r imethy ls i ly l ) fu ran (137). The strategy used in these syntheses involved C-2 
l i thiation-alkylation, C-5 /p^- iod inat ion, reduction of iodofuran, formation of boroxine 
and Pd(0)-catalyzed Suzuki-type cross-coupling reaction. The usefulness of our strategy is 
aptly il lustrated by our simple and efficient synthesis of rosefuran (4). In l ine wi th this 
strategy, 3-methyl-4-tr imethyls i ly l furan (158) was employed as a starting material to 
generate rosefuran (4) through regiospecific lithiation-alkylation and protodesilylation. 
Our strategy for 2,4-disubstituted furans synthesis invo lved a regioselective 
l i thiat ion-alkylat ion and formation of tr i(2-benzylfuran-4-yl)boroxine (165). Boroxine 
165 could undergo various reactions e.g. Suzuki-type cross-coupling reactions to generate 
2-benzyl-4-0^-toly l) furan (166), 2-benzyl-(rran5-2-phenylvinyl)furan (167) and 2,2'-
bis(benzyl)-4，4，-bifuran (174). 2-Benzyl-4-( t r imethyls i ly lethynyl) furan (169) was 
generated by an zp5o-iodination and a Sonogashira cross-coupling reactions. 
In the synthesis o f 2,3,4-trisubstituted furan, i.e. 3-w-butyl-2-(3,3-dimethylallyl)-4-
iodofuran (179), 3,4-bis(t i raiethylsi ly l) furan (132) was chosen as a bui ld ing block. 
«» 
Through /p^o-iodination, regiospecific lithiation-aDcylation and nickel-catalyzed cross-
coupling reaction, a 2,3,4-tirsubstituted furan 179 was obtained. 
We also optimized reaction yields of 3-m-anisyl-2-benzyl-5-/7-tolylfuran (183) 
which are unsatifactory in a previous preparation. 
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I V . Expe r imen ta l sect ion 
General . Mel t ing points were measured on a Reichert Microscope apparatus. 
N M R spectra were recorded on a Bruker-Cryospec W M 250 spectrometer. ^H N M R 
(250.13 M H z ) chemical shifts are reported relat ive to CHCl3 at 5 7.26 ppm and 
tetramethylsi lane at 5 0.00 ppm. Coupl ing constants are reported in Hz. N M R 
spectroscopic terms were reported by using the fo l low ing abbreviations: s, singlet; d, 
doublet; t, triplet; m，multiplet. Mass spectra (EIMS and CIMS) were obtained wi th a V G 
Micromass 7070F spectrometer and determined at an ionizing voltage of 70 eV, relevant 
data were tabulated as mle. Elemental analysis were performed at Shanghai Institute of 
Organic Chemistry, The Chinese Academy of Sciences, China. 
Unless otherwise stated, all reactions were carried out in oven-dried glassware. 
T H F was dist i l led f rom sodium benzophenone ketyL Methylene chloride was disti l led 
f rom CaH2. A l l solutions were evaporated under reduced pressure wi th a rotary evaporator 
and the residue was chromatographed on a silica gel column using hexanes and diethyl 
ether as the eluent unless specified otherwise. Flash chromatography was performed using 
E. Merck silica gel 60 (230-400 mesh). The plates used for thin-layer chromatography 
(TLC) were E. Merck silica gel 60 F254 (0.25 mm thickness) precoated on aluminum plate, 
and they were visualized under both long (365 nm) and short (254 nm) U V light. 
Mater ia ls . Reagents were purchased f rom commercial suppliers and were used 
w i t h o u t f u r t h e r p i i r f i c a t i o n . T e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p a l l a d i u m ( 0 ) , 
b i s ( t r i pheny lphosph ine ) p a l l a d i u T n ( I I ) chloride and bis(tr iphenylphosphine)nickel(I I) 
« 
chloride were purchased f rom Aldr ich Chemical Company and were used as received. 
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3,4-Bis(triniethylsilyl)furan (132) 
Bis ( t r i m e t h y l s i l y l )acety lene (17 g, 0.1 mol) and 4-phenyloxazole (14.5 g，0.1 mol) 
were mixed in a tube (thickness: 1.9 mm; diameter: 40 mm; length: 200 mm) to which 
anhydrous triethylamine (0.7 niL, 5 mmol) was added. The tube was sealed and was 
heated at 30QOC for 9 days to give a dark-brown mixture. Vacuum disti l lation of the 
resulting mixture gave a colorless liquid. Column chromatography on silica gel (200 g, 
hexanes eluent) afforded a colorless oi l of 3,4-bis(trimethylsilyl)furan (135) (17 g, 80%). 
l H NMR (NMR-1) 6 0.25 (s, 18H), 7.41 (s, 2H); MS m!e 212 (M+, 60%). The spectral 
data were identicial to those of an authentic sample.53 
2,4-Bis(trimethylsilyl)furan (137) 
(a) F rom b is( t r imethy ls i ly l )acety lene ancl 4-phenyloxazole 
A mixture of bis(trimethylsilyl)acetylene (15 g, 0.15 mol), 4-phenyloxazole (30 g, 
0.15 mol) and formic acid (2 mL, 0.05 mol) was mixed in a tube (thickness: 1.9 mm; 
diameter: 40 mm; length: 200 mm). The tube was sealed and was heated at 29Q0C for 4 
days to give a dark mixture. Vacuum distillation (8QoC, 1 mmHg) gave a colorless liquid. 
Column chromatography on sil ica gel (180 g, hexanes eluent) afforded 2,4-
bis(trimethylsilyl)furan (1.37) as a colorless oil (29.6 g, 40%). ^H NMR (NMR-2) 5 0.20 
(s, 9H), 0,25 (s, 9H), 6.59 (s, lH ) , 7.53 (s，lH); MS m/e 212 (M+, 30%). The spectral 
data were identicial with those of an authentic sample.55 
(b) F r o m rear rangement of 3 , 4 -b is ( t r imethy ls i l y l ) fu ran (132) 
3,4-Bis(tr imethylsi lyl)furan (132) (8 g, 0.04 mol) and carbon tetrachloride (30 
mL) were mixed in a tube (thickness: 1.9 mm; diameter: 25 mm; length: 200 mm). To this 
solution trifluroacetic anhydride (4 mL, 8.0 mmol) was added through a syringe. The tube 
was sealed and was heated to 160«C for 24 hours. The resulting mixture was evaporated 
to give a brown oi l which was purified by chromatography on a silica gel column (150 g， 
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hexanes eluent) to afford 2,4-bis(trimethylsilyl)furan (137) as a colorless oi l (6.4 g, 80%). 
The physical and spectrometric data are identical with an authentic sample prepared 
previously.55 
2 - n - H e x y l - 3 , 5 - b i s ( t r i m e t h y l s i l y I ) f u r a n ( 138 ) f r o m 2,4-
bis(trimethylsilyI)furan (137) 
To a stirred solution of 2,4-bis(trimethylsilyl)furan (137) (1 g，4.67 mmol) in dry 
THF (40 mL) was added n-butyll i thium (5 mL, 5 mmol) through a syringe. The mixture 
was stirred under N2 for 30 minutes. n-Hexyl bromide (2.31 g, 5.01 mmol) in dry THF 
(10 mL) was added dropwise to the mixture which became light yellow immediately. The 
resulting mixture was left stirring for another 30 niinutes and poured into diethyl ether (60 
mL) and washed with H2O (30 mL). The crude product was purified by silica gel column 
chromatography (50 g, hexanes eluent) to give 2-n-hexyl-3,5-bis(tr imethylsi lyl)furan 
(138) as a colorless oil (1.12 g, 81%). ^H NMR (NMR-3) 5 0.14 (s, 9H), 0.16 (s, 9H)， 
0.81 (t, 3H, J = 6.6 Hz), 1.18-1.22 (m, 5H), 1.50-1.58 (m, 3H)，2.58 (t, 2H, J = 7.5 
Hz), 6.40 (s, lH ) ; MS m!e 296 (M+, 35%). Anal. Calcd for Ci6H32OSi2: C, 64.79; H, 
10.88. Found: C, 64.42; H, 10.84. 
2 - n - H e x y l - 3 - t r i m e t h y l s i l y l f u r a n ( 1 4 0 ) f r o m 2 - n - h e x y l - 3 , 5 -
b i s ( t r ime thy l s i l y I ) f u ran (138) 
2-n-Hexyl-3,5-bis(trimethylsilyl)furan (138) (0.5 g, 1.69 mmol) was mixed with 
silver trifIuoroacetate (0.93 g, 4.23 mniol) in dry THF (10 mL). After all silver salt had 
been dissolved, the reaction flask was immersed in a Dewar flask containing dry ice and 
acetone (-780Q. The mixture was stirred under N2 for 5 minutes and iodine (0.53 g, 1.79 
mmol) in THF (10 mL) was added dropwise in a period of 30 minutes. After stirring for 
an hour, 2 - n - h e x y l - 5 - i o d o - 3 - t r ime thy l s i l y l f u ran (139) was generated and then l i thium 
aluminum hydride (0.19 g, 5.07 mmol) was added to the reaction flask and the resulting 
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brown suspension was stirred for 12 hours at rootn temperature. The reaction flask was 
immersed in an ice bath and H2O (20 mL) was added slowly to destroy the unreacted 
l i th ium aluminum hydride. The resulting solution was diluted with H2O (20 mL) and 
extracted wi th diethyl ether (3 X 15 mL). The organic layer was separated, dried over 
M g S O 4 and evaporated. The crude product was pur i f ied by sil ica gel column 
chromatography (45 g, hexanes eliient) to afford 2 - n - h e x y l -3 - t r imethy ls i l y l fu ran (140) as 
a colorless o i l (0.14 g, 38%). l R N M R (NMR-4) 5 0.22 (s, 9H), 0.88 (t, 3H, J = 6.5 
Hz), 1.25-1.35 (m, 6H), 1.56-1.65 (m, 2H), 2.64 (t, 2H, J = 7.5 Hz), 6.25 (d, l H , / = 
1.7 Hz), 7.33 (d, m，J = 1.7 Hz) Anal. Calcd for C13H24OSi: C，69.58; H，10.78. 
Found: C，68.97; H, 10.84. 
2 - B e n z y l - 3 , 5 - b i s ( t r i m e t h y l s i I y I ) f u r a n ( 1 4 1 ) f r o m 2 , 4 -
b i s ( t r i m e t h y l s i I y l ) f u r a n (137) 
To a stirred solution of 2,4-bis(trimethylsilyl)furan (137) (1.32 g，6.02 mmol) in 
dry THF (24 mL) was added ^-bi i tyl l i thium (6.5 mL, 6.5 mmol) through a syringe. The 
mixture was stirred under N2 for 30 minutes. Benzyl bromide (1.06 g, 6.02 mmol) in dry 
THF (10 mL) was added dropwise to the mixture which became light yellow immediately. 
The resulting mixture was left stirring for another 30 minutes and poured into diethyl ether 
(40 mL) and washed with H2O (30 niL). The crude product was purif ied by silica gel 
co lumn chromatography (50 g, hexanes e luent) to g ive 2 -benzy l -3 ,5 -
bis(trimethylsilyl)furan (141) (1.54 g, 82%) as a colorless oil. ^H N M R (NMR-5) 5 0.23 
(s, 9H), 0.28 (s, 9H), 4.10 (s, 2H), 6.58 (s, lH ) , 7.18-7.34 (m, 5H); MS m/e 302 (M+, 
20%). The spectrometric data of 141 are identical with those reported.^^ 
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2 - B e n z y l - 3 - t r i m e t h y l s i I y I f u r a n ( 1 4 3 ) f r o m 2 - b e n z y l - 3 , 5 -
b i s ( t r i m e t h y l s i I y I ) f u r a n (141) 
2-Benzyl-3,5-bis(tr imethylsi ly l) furan (141) (0.38 g, 1.26 mmol ) was mixed wi th 
silver trifluoroacetate (0.69 g, 3.15 mmol) in dry T H F (12 mL) . Af ter all silver salt had 
been dissolved, the reaction flask was immersed in a Dewar flask containing dry ice and 
acetone ( -78oQ. The mixture was stirred under N2 for 5 minutes and iodine (0.33 g, 1.30 
mmol) in T H F (10 mL) was added dropwise in a period o f 30 minutes. Af ter stirring for 
an hour, 2-benzyl-5- iodo-3-tr imethyls i ly l furan (142) was generated and then l i th ium 
aluminum hydride (0.14 g, 3.78 mmol) was added to the reaction flask and the resulting 
brown suspension was stirred for 18 hours at room temperature. The reaction flask was 
immersed in an ice bath and H2O (20 mL) was added s lowly to destroy the unreacted 
l i th ium aluminum hydride. The resulting solution was di luted wi th H2O (20 mL) and 
extracted wi th diethyl ether (3 X 15 mL) . The organic layer was separated, dried over 
M g S O 4 and evaporated. The crude product was pur i f i ed by si l ica gel co lumn 
chromatography (30 g, hexanes eluent) to afford 2-benzyl-3-tr imethylsi lylfuran (143) as a 
colorless o i l (0.16 g，56%). ! H N M R (NMR-6) 5 0.24 (s, 9H), 4.02 (d, 2H, J 二 1.7 Hz), 
6.30 (t, l H , J = 1.9 Hz) , 7.14-7.27 (m, 5H), 7.35 (t, l H , J 二 1.9 Hz) ; MS m!e 224 
(M+，42%). The spectrometric data of 143 are identical w i th those reported.^^ 
3 - B e n z y l - 2 - ( w - h e x y l ) f u r a n (145) f r o m 2 - ( n - ! i e x y l ) - 3 - t r i m e t h y l s i l y l f u r a n 
( 1 4 0 ) 
2 - ( ^ -Hexy l ) -3 - t r i rae thy ls i l y l fu ran (140) (0.50 g, 2.23 mmol ) was stirred in 
CH2Cl2 (30 mL) at -78«C under N2. Boron trichloride (1.0 M solution in CH2Cl2, 2.5 
mL , 2.5 mmol) was added through a syringe to the reaction flask. The solution was left 
stirring for 8 hours. The resulting mixture was poured into saturated Na2CO3 solution (13 
mL) and was extracted wi th diethyl ether (25 mL) . Af ter layer separation, the organic 
f ract ion was dr ied over MgSO4 and evaporated. The crude boroxine 144 was 
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chromatographed on a sil ica gel column (35 g, Et2O:hexanes = 1:2 eluent) to give a 
yel lowish solid. This solid was immediately treated w i th benzyl bromide (1.14 g, 6.69 
mmol) and tetrakis(triphenylphosphine)palladiiim(0) (0.26 g, 0.22 mmol) in methanol (10 
mL) and toluene (10 mL). The solution was heated to dissolve the palladium catalyst. 2 M 
Na2CO3 solution (4 mL) was added to the mixture in one portion and the mixture was 
refluxed for 3 hours. The resulting mixture was then cooled to room temperature and was 
poured into H2O (20 mL) . After extraction with diethyl ether (15 mL) , the organic layer 
was separated, dr ied over MgSO4 and evaporated. Puri f icat ion o f the crude product 
through silica gel column chromatography (30 g, hexanes eluent) afforded 3-benzyl-2-(n-
hexyl)furan (145) as a colorless oi l (0.23 g, 42%). ^H N M R (NMR-7) 5 0.82 (br s, 3 H ) , 
1.21 (s, 4H), 1.50 (s, 4H), 2.51 (t, 2H, J = 15 Hz), 3.83 (s, 2H), 5.84 (d, l H , / = 1.8 
Hz), 7.13-7.24 (m, 6H); MS rnle 242 (M+，20%). Anal. Calcd for C17H22O: C, 84.25; 
H , 9.15. Found: C, 84.91; H , 9.38. 
2 - B e n z y l - 3 - [ 3 , 4 - ( m e t h y l e n e d i o x y ) ] b e n z y I f u r a n (153) f r o m 2 - b e n z y l - 3 -
t r i m e t h y l s i l y l f u r a n (143) 
2-Benzyl-3- t r imethyls i ly l furan (143) (0.19 g, 0.8 mmol) was stirred in CH2Cl2 
(20 mL) at -780C under N2. Boron trichloride (1.0 M solution in CH2Cl2, 1.2 mL , 1.2 
mmol) was added through a syringe to the reaction flask. The solution was left stirring for 
5 hours. The resulting mixture was poured into saturated Na2CO3 solution (5 mL ) and 
was extracted wi th diethyl ether (10 mL). After layer separation, the organic fraction was 
dried over MgSO4 and evaporated. The crude boroxine 152 was chromatographed on a 
silica gel column (20 g, Et2O:hexanes 二 1:2 eluent) to give a yel lowish solid. This solid 
152 was immediately treated with 4-(methylenedioxy)benzyl chloride (0.07 g, 0.4 mmol) 
and tetrakis(triphenylphosphine)palladium(0) (0.02 g, 0,02 mmol) in methanol (6 mL) and 
toluene (6 mL). The solution was heated to dissolve the palladium catalyst. 2 M Na2CO3 
solution (2 mL) was added to the mixture in one portion and the mixture was refluxed for 3 
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hours. The resulting mixture was then cooled to room temperature and was poured into 
H2O (10 mL). After extraction with diethyl ether (10 mL), the organic layer was separated, 
dried over MgSO4 and evaporated. Purification o f the crude product through silica gel 
c o l u m n chromatography (10 g, hexanes eluent) a f fo rded 2 -benzy l -3 - [3 ,4 -
(methylenedioxy)]benzylfi iran (153) as a colorless oi l (0.02 g, 24%). ^H N M R (NMR-8) 
5 3.58 (s, 2H), 3.88 (s, 2H), 5,82 (s, 2H), 6.08 (d, l H , J= 1.8 Hz) , 7.20 (d, I H， / = 
1.8 Hz) , 6.51-6.54 (m, 2H), 6.61-6.64 (m, IH)，7.07-7.23 (m, 5H). The spectrometric 
data o f 153 are identical with those reported.^^ 
2 - ( 3 , 3 - D i m e t h y I a l I y l ) - 3 , 5 - b i s ( t r i m e t h y l s i ! y l ) f u r a n ( 1 5 4 ) f r o m 2 ,4 -
b i s ( t r i m e t h y I s i l y I ) f u r a n (137) 
To a stirred solution of 2,4-bis(tr imethylsi lyl)furan (137) (1.5 g, 7.08 mmol) in 
dry T H F (30 m L ) was added /t-butyl l i thium (7.5 mL , 7.5 mmol) through a syringe. The 
mixture was stirred under N2 for 30 minutes. 3，3-Dimethylallyl bromide (10.6 g, 7.08 
mmol) in dry T H F (10 mL) was added dropwise to the mixture, which became l ight yellow 
immediately. The resulting mixture was left stirring for another 30 minutes and poured into 
diethyl ether (2 X 20 mL) and washed with H2O (30 mL). The crude product was purif ied 
by silica gel column chromatography (50 g, hexanes eluent) to give 2-(3,3-dimethylallyl)-
3,5-bis(tr imethylsi lyl)furan (154) as a colorless oi l (1.69 g，85%). l R N M R (NMR-9) 5 
0.22 (s, 9H), 0.25 (s, 9H), 1.7] (s, 6H), 3.39 (d, 2H, J 二 6.8 Hz) , 5.23-5.27 (m, l H ) , 
6.48 (s, l H ) AnaL Calcd for C15H28OSi2: C, 64.22; H , 10.06. Found: C, 64.32; H, 
9.79. 
2 - ( 3 , 3 - D i T n e t h y l a I l y I ) - 3 - t r i m e t h y l s i l y l f u r a n ( 1 5 6 ) f r o m 2 - ( 3 , 3 -
d i m e t h y I a I l y I ) - 3 , 5 - b i s ( t r i m e t h y l s i I y l ) f u r a n (1.54) 
2-(3,3-Dimethylal ly l )-3,5-bis(tr imethyIsi ly l ) furan (154) (0.7 g, 2.50 mmol) was 
mixed w i th silver trifluoroacetate (1.38 g, 6.25 mmol) in dry T H F (15 mL). After all silver 
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salt had been dissolved, the reaction flask was immersed in a Dewar flask containing dry 
ice and acetone (-78oC). The mixture was stirred under N2 for 5 minutes and iodine (0.67 
g, 2.63 mmol) in THF (10 mL) was added dropwise in a period of 30 minutes. After 
stirring for an hour, 2-(3,3-dimethylal ly l)-5- iodo-3-tr imethylsi ly l furan (155) was 
generated and then l i thium aluminum hydride (0.29 g, 7.50 mmol) was added to the 
reaction flask and the resulting brown suspension was stirred for 12 hours at room 
temperature. The reaction flask was immersed in an ice bath and H2O (20 mL) was added 
slowly to destroy the unreacted l ithium aluminum hydride. The resulting solution was 
diluted with H2O (20 niL) and extracted with diethyl ether (3 X 15 mL). The organic layer 
was separated, dried over MgSO4 and evaporated. The crude product was purified by 
silica gel column chromatography (50 g, hexanes eluent) to afford 2-(3,3-dimethylallyl)-3-
trimethylsilylfuran (156) as a colorless oil (0.22 g, 42%). ^H N M R (NMR-10) 5 0.25 (s, 
9 H ) , 1.72 (s, 6 H ) , 3.39 (d, 2 H , J 二 6.8 H z ) , 5.23-5.27 ( m， l H ) , 6 .24 ( d， l H , J = 1.8 
Hz), 7.32 (d, I H ’ / = 1.8 Hz); MS m!e 208 (M+, 10%). AnaL Calcd for C12H20OSi: C, 
69.17; H, 9.67. Found: C, 69.78; H, 9.61. 
Rosefuran (4) f r o m 2 - (3 ,3 -D imethy la l l y I ) -3 - t r ime thy ls i l y I fu ran (156) 
2-(3,3-Dimethylallyl)-3-trimethylsilylfuran (156) (0.50 g, 2.40 mmol) was stirred 
in CH2Cl2 (30 mL) at -78^0 under N2. Boron trichloride (1.0 M solution in CH2Cl2, 4.8 
mL, 4.8 mmol) was added through a syringe to the reaction flask. The solution was left 
stirring for 9 hours. The resulting mixture was poured into saturated Na2CO3 solution (10 
mL) and was extracted with diethyl ether (20 mL). After layer separation, the organic 
fraction was dried over MgSO4 and evaporated. The crude boroxine 157 was 
chromatographed on a silica gel column (30 g, Et2O:hexanes = 1:2 eluent) to give a 
yellowish solid. This solid 157 was immediately treated with dimethyl sulfate (0.91 g, 
7.20 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.28 g, 0.24 mmol) in methanol 
(10 mL) and toluene (10 mL). The solution was heated to dissolve the palladium catalyst. 
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2 M Na2CO3 solution (3 mL) was added to the mixture in one portion and the mixture was 
refIuxed for 4 hours. The resulting mixture was then cooled to room temperature and was 
poured into H2O (20 mL). After extraction with diethyl ether (15 mL) , the organic layer 
was separated, dried over MgSO4 and evaporated. Purif icat ion of the crude product 
through silica gel column chromatography (30 g, n-pentane eluent) afforded rosefuran (4) 
as a colorless o i l (0.79 g，22%). VH N M R (NMR-11) 5 1.60 (s, 6H), 2.19 (s, 3H), 3.27 
(d，2H, J = 6.7 Hz ) , 5.25 (br t, l H , J = 7.8 Hz ) , 6.16 (d， lH , J = 1.8 H z ) , 7 .22 (d, l H , J 
二 1.8 Hz). The spectrometric data of 4 are identical with those reported.18,24-34 
3 - M e t h y l - 4 - t r i m e t h y l s i l y l f u r a n (158) 
Trimethylsilylpropyne (16.8 g, 0.15 mol) and 4-phenyloxazole (21.8 g, 0.15 mol) 
were mixed in a tube (thickness: 1.9 mm; diameter: 40 mra; length: 200 mm) to which 
anhydrous l,8-diazobicyclo[5.4.0]undec-7-ene (2.3 g, 0.2 mol) was added. The tube was 
sealed and was heated at 270()C for 7 days to give a dark-brown mixture. Vacuum 
disti l lat ion (6O0C，2 mmHg) of the resulting mixture gave a colorless l iquid. Column 
chromatography on si l ica gel (150 g, n-pentane eluent) a f forded 3-methy l -4-
trimethylsilylfuran (158) as a colorless oi l (17.3 g, 75%). ^H N M R (NMR-12) 5 0.26 (s, 
9H)，2.09 (d, 3H, J = 0.8 Hz), 7.25-7.27 (m，2H); MS m/e 154 (M+,18%). The 
spectrometric data of 158 are identical with those reported.^^ 
2 - ( 3 , 3 - d i m e t h y l a l l y l ) - 3 - m e t h y l - 4 - t r i m e t h y l s i I y l f u r a n (159) f r o m 3 - m e t h y l -
4 - t r i m e t h y l s i l y l f u r a n (158) 
To a stirred solution of 3-methyl-4-trimethylsilylfuran (158) (1.02 g, 6.50 mmol) 
in dry THF (50 mL) at 0«C was added 1.6 M ferr-butyl l i th ium solution (4.3 m L , 6.8 
mmol) through a syringe. The mixture was stirred under N2 for 30 minutes. 3,3-
Dimethylal ly l bromide (0.97 g，6.50 mmoI) in dry THF (20 mL) was added dropwise to 
the mixture, which became light yellow immediately. The resulting mixture was left 
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stirring for another 30 minutes, poured into diethyl ether (45 mL) and washed wi th H2O 
(30 mL) . Af ter evaporation, the crude product was puri f ied by silica gel column 
chromatography (50 g, hexanes eluent) to give 2-(3，3 - d i m e t h y l a l l y l ) - 3 - m e t h y l - 4 -
trimethylsilylfuran (159) as a colorless oil (1.30 g, 90%). ! H N M R (NMR-13) 5 0.20 (s, 
9H)，1.70 (s，6H), 2.00 (d, 3H, J - 5.1 Hz), 3.26 (d, 2H, J = 7.0 Hz), 5.21-5.27 (m， 
l H ) , 7.10 (s, l H ) ; MS mle 222 (M+，60%). Anal. Calcd for C13H22OSi: C, 70.21; H, 
9.97. Found: C, 70.78; H, 9.65. 
R o s e f u r a n (4) f r o m 2 - ( 3 , 3 - d i m e t h y l a l l y l ) - 3 - m e t h y l - 4 - t r i m e t h y l s i l y l f u r a n 
( 1 5 9 ) 
2-(3,3-Dimethylal lyl ) - 3-methyl - 4-tr imethylsi lyl furan (159) and trifloroacetic acid 
(0.03 g, 0.27 mmol) was dissolved in chloroform (30 mL). The reaction mixture was 
heated under reflux for 3 hours, poured into ice-water (20 mL) and extracted wi th diethyl 
ether (2 X 15mL). The combined extract was dried over MgSO4 and the solvent was 
removed. The residue was purified by flash chromatography on silica gel (30 g, n-pentane 
eluent) to give rosefuran (4) as a colorless oi l (0.29 g, 87%). The physical and 
spectrometric data are identical with those reported p r e v i o u s l y . l 8 , 2 4 - 3 4 
3 - T r i m e t h y l s i I y I f u r a n (163) 
Trimethylsilylacetylene (24.5 g, 0.25 mol) and 4-phenyloxazole (36.3 g, 0.25 mol) 
were mixed in a tube (thickness: 1.9 mm; diameter: 50 ram; length: 200 mm) to which 
anhydrous triethylamine (2.53 g, 0.03 mol) was added. The tube was sealed and heated at 
270oC for 7 days to give a dark-brown mixture. Vacuum disti l lation of the resulting 
mixture gave a colorless liquid [b.p. 50-52"C (1 mm.Hg)]. Column chromatography on 
silica gel (150 g, n-pentane eluent) afforded 3-trimethylsilylfuran (163) as a colorless oi l 
(24.5 g, 70%). l H NMR (NMR-14) 5 0.10 (s, 9H), 6.22 (q, l H , J 二 2.5 Hz), 7.20 (q, 
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l H , J = 2.2 Hz), 7.34 (t，lH, J 二 5.2 Hz) Anal. Calcd for C7H12OSi: C, 59.94; H, 8.62. 
Found: C, 60.04; H, 8.72. 
2-Benzyl-4-trimethylsilylfuran (164) from 3-trimethylsilylfuran (163) 
To a stirred solution of 3-trimethylsilylfuran (163) (12 g, 85.70 mmol) in dry THF 
(150 mL) at 0^C was added 1.6 M rm-butyl l i thium solution (59 mL, 94.5 mmol) through a 
syringe. The mixture was stirred under N2 for 30 minutes. Benzyl bromide (10 mL, 85 
mmol) in dry THF (20 mL) was added dropwise to the mixture and it became light yellow 
immediately. The resulting mixture was left stirring for another 30 minutes, poured into 
diethyl ether (150 mL) and washed with H2O (50 mL). The crude product was purified by 
silica gel column chromatography (150 g, hexanes eluent) to af ford 2-benzyl-4-
trimethylsilylfuran (164) as a colorless oil (18.1 g, 92%). ^H N M R (NMR-15) 5 0.11 (s, 
9H), 3.90 (s, 2H), 5.89 (d， lH, J = 0.8 Hz), 7.16-7.25 (m, 6H); MS m/e 230 (M+， 
30%). Anal. Calcd for CuH igOS i : C, 72.99; H，7.88. Found: C, 72.36; H, 7.73. 
T r i s (2 -benzy l fu ran -4 -y I )bo rox ine (165) f r o m 2 -benzy l - 4 - t r ime thy l s i l y l f u ran 
(164) 
To a stirred solution of 164 (10 g, 43.5 mmol) in dry CH2Cl2 (400 mL) was added 
a solution of boron trichloride (1.0 M solution in CH2Cl2, 18 mL, 18 mmol) under a 
nitrogen atmosphere at -78^C. After stirring at -78()C for 5 hours, the reaction was 
quenched with saturated Na2CO3 solution (50 mL) and the mixture was extracted with 
diethyl ether (3 X 100 mL). The organic layer was dried over MgSO4 and the solvent was 
evaporated under reduced pressure. The crude product was chromatographed on silica gel 
(200 g, E t 2 O : hexanes= l : l eliient) to give tris(2-benzylfuran-4-yl)boroxme (165) (7.03 g, 
88%) as a white solid, mp 148-149«C. ^H NMR (NMR-16) 5 4.03 (s，6H), 6.06 (q, 3H, 
J 二 3.9 Hz), 7.28-7.39 (m, 18H) MS rn/e 552 (M+, 100%). Anal. Calcd for 
C 3 3 H 2 7 O 6 B 3 : C, 71.80; H, 4.93. Found: C, 71.81; H, 5.16. 
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2 - B e n z y l - 4 - ( p - t o l y l ) f u r a n (166) f r o m t r i s ( 2 - b e n z y l f u r a n - 4 - y I ) b o r o x i n e 
( 1 6 5 ) 
To a stirred solution containing /？-bromotoluene (0.18 g，1.08 mmol ) , tris(2-
benyzlfuran-4-yl)boroxine (165) (0.20 g, 0.36 mmol), 2 M Na2CO3 solution (5 mL) and 
Pd(PPh3)4 (0.04 g, 0.036 mmol) was added to MeOH/PhMe (1/1，30 mL) . The reaction 
mixture was heated under reflux for 4 hours, then poured into ice-water (30 mL). The 
resulting mixture was extracted with diethyl ether (3 X 20 mL) . The combined organic 
extract was dried over MgSO4 and the solvent was removed. The residue was purif ied by 
chromatography on silica gel (30 g’ hexanes eluent) to give 2-benzyl-4-(p-toly l) furan 
(166) as a white soi ld (0.22 g, 83%), mp 102-103^C. ^H N M R (NMR-17) 5 2 3 3 (s, 
3H), 3.99 (s, 2H), 6.29 (d, l H , J 二 1.0 Hz), 7.15 (d, 2H, / = 7.7 Hz) , 7.24-7.31 (m, 
5H), 733 (d，2H, J 二 7.7 Hz), 7.58 (s, l H ) ; MS m!e 248 (M+, 100%). Anal. Calcd for 
C i g H i 6 0 : C，87.06; H，6.49. Found: C，87.40; H, 6.72. 
2 - B e n z y I - 4 - ( ^ r a n 5 - 2 - s t y r y l ) f u r a n (167) f r o m t r i s ( 2 - b e n z y l f u r a n - 4 -
y l ) b o r o x i n e (165) 
To a stirred solution containing irans-p-bromostyrene (0.17 g, 0.91 mmol), tris(2-
benyzlfuran-4-yl)boroxine (165) (0.10 g, 0.18 mmol), 2 M Na2CO3 solution (5 mL) and 
te t rak is( t r ipheny lphosphine)pa l lad ium(0) (0.12 g, 0.11 mmo l ) was added to 
methanol/toluene (1/1, 20 mL). The reaction mixture was heated under reflux for 6 hours, 
then poured into ice-water (20 mL). The resulting mixture was extracted wi th diethyl ether 
(3 X 20 mL) . The combined organic extract was dried over MgSO4 and the solvent was 
removed. The residue was purified by chromatography on silica gel (20 g, hexanes eluent) 
to give 2-benzyl-4-(rran5"-2-phenylvinyl)furan (167) as colorless needles (0.11 g, 77%), 
mp l i 4 - l i 5 0 C . l H N M R (NMR-18) 5 3.90 (s, 2H), 6.20 (s, l H ) , 6.66 (ABq, 2H, J = 
16.1 Hz), 7.14-7.33 (m, lOH), 7.36 (s, l H ) ; MS m/e 260 (M+，100%). Anal . Calcd for 
C19Hi6O: C, 87.66; H, 6.20. Found: C, 87.81; H, 6.16. 
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2 -Benzy l - 4 - i odo fu ran (168) f r o m t r i s (2 -benzy I f u ran -4 -y l ) bo rox ine (165) 
Tris(2-benzylfuran-4-yl)boroxine (165) (1 g, 1.80 mmol) was dissolved in THF 
(150 mL) under nitrogen atmosphere and was cooled in a dry ice-acetone bath to -78^C. 
Silver tetrafluoroborate ( 0.88 g, 4.5 mmol) was added and the mixture was stirred for 5 
minutes to ensure complete dissolution. Iodine (1,4 g, 5.4 mmol) in T H F (30 mL) was 
added dropwise and the reaction mixture was stirred at -78°C for 4 hours. Then the 
resulting suspension was filtered through celite to give a light yellow solution which was 
diluted wi th 3 M sodium metabisulfite solution (30 mL) and diethyl ether (30 mL). The 
organic portion was separated, dried over MgSO4 and evaporated to yield a yellow oiL 
Purification by silica gel column chromatography (60 g, hexanes eluent) afforded 2-benzyl-
4-iodofuran (168) (1.31 g, 85%) as a colorless oil. ! H N M R (NMR-19) 6 3,84 (s, 2H), 
5.97 (s, lH ) , 7.09-7.23 (m, 6H); MS m/e 284 (M+, 100%). Anal. Calcd for C n H 9 O I : 
C, 46.51; H, 3.19. Found: C, 46.55; H, 3.()0. 
2 - B e n z y l - 4 - ( t r i m e t h y l s i l y l e t h y n y l ) f u r a n (169) f r o m 2 - b e n z y l - 4 - i o d o - f u r a n 
(168) 
To a mix tu re of 2-benzy l -4- iodo- furan ( 1 6 8 ) (0.15 g, 0.53 mmol ) , 
tr imethylsilylacetylene (0.22 mL, 1.59 mmol), bis(triphenylphosphine)palladium(II) 
chloride (0.038 g, 0.053 mmol) and copper(I) iodide (0.10 g, 0.053 mmol) were added to 
diethylamine (30 mL). The mixture was stirred at room temperature for 24 hours under 
nitrogen atmosphere. The solvent was removed under reduced pressure and the residue 
was purif ied by column chromatography on silica gel (30 g, hexanes eluent) to give 2-
benzyl-4-(tr imethylsi lylethynyl)furan (169) as a colorless oil (0.12 g, 90%). ^H N M R 
(NMR-20) 5 0.19 (s, 9H), 3.90 (s, 2H), 6.04 (d, l H , J = 0.8 Hz), 7.17-7.31 (m, 5H), 
7.50 (s, l H ) ; MS m/e 254 (M+, 19%). Anal. Calcd for Ci6HigOSi : C, 75.54; H, 7.13. 
Found: C, 75.98; H, 6.72. 
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2 , 2 ' - B i s ( b e n z y l ) - 4 , 4 ' - b i f u r a n (174) f r o m t r i s ( 2 - b e n z y l f u r a n - 4 - y l ) b o r o x i n e 
( 1 6 5 ) 
A mixture o f tr is(2-benzylfuran-4-yl)boroxine (165) (0.30 g, 0.54 mmol ) and 
tetrakis(triphenylphosphine)palladinm(0) in MeOH/PhMe (1/1，20 mL) was stirred for 5 
minutes. Af ter that 2 M Na2CO3 solution (4 mL) was added, the reaction mixture was 
further stirred and refluxed for 4 hours. After addition of water (50 m L ) and cooling to 
room temperature, the mixture was extracted with diethyl ether (3 X 30 mL) . The 
combined organic extracts were dried over MgSO4 and concentrated. Purification by silica 
gel column chromatography (40 g, hexanes eluent) gave 2,2'-bis(benzyl)-4,4'-bifuran 
(174) as white crystals (0.17 g, 65%), mp 82-84oC. l H N M R (NMR-21) 5 4.04 (s, 4H), 
6.17 (s, 2H), 7.30-7.44 (m, lOH), 7.50 (s, 2H); MS m!e 314 (M+, 100%). Anal. Calcd 
for C22H18O2： C, 84.05; H, 5.77. Found: C, 83.93; H, 5.55. 
4 - I o d o - 3 - t r i m e t h y l s i l y I f u r a n (175) f r o m 3 , 4 - b i s ( t r i m e t h y l s i l y I ) f u r a n (132) 
A solution of 3,4-bis(trimethylsilyl)furan (132) (0.21 g, 1 mmol) in dry THF (30 
mL) under nitrogen was cooled in a dry ice-acetone bath to -78oC. Silver trifluoroacetate 
(0.44 g，2 mmol) was added and the mixture was stirred for 5 minutes to ensure complete 
dissolution. Then iodine (0.51 g, 2 mmol) in dry THF (10 mL) was added dropwise and 
the reaction mixture was stirred at -78^0 for 4 hours. The product 175 was obtained by 
di lut ing wi th diethyl ether (20 mL). The filtrate was washed wi th 50% sodium thiosulfate 
solution (2 X 20 mL) , dried wi th MgSO4 and was concentrated under reduced pressure. 
The residue was purif ied by chromatography on silica gel (30 g, hexanes eluent) to give 4-
iodo-3-tr imethylsi lyl furan (175) as a colorless oi l (().21 g, 80%). ^H N M R (NMR-22) 5 
0.30 (s, 9H), 7.22 (d, l H , J = 1.5 Hz), 7.49 (d, l H , J = 1.5 Hz); MS mle 266 ( M + , 
36%). The spectrometric data of 175 are identical with those reported p r ev ious ly.68 
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4 - n -Bu ty l - 3 - ( t r i m e t h y l s i l y l ) f i i r a n (176) f r o m 4 - i o d o - 3 - t r i m e t h y l s i I y l f u r a n 
( 1 7 5 ) 
Bis(triphenylphosphine)nickel(II) chloride (0.017 g, 0.025 mmol) was added to a 
solution o f 175 (0.13 g, 0.5 ramol) in dry T H F (20 mL) . n-Buty lmagnesium chloride 
(2.0 M solution in THF, 0.4 mL, 0.8 mmol) was added to this mixture. The reaction 
mixture became clear and then magnesium salt deposited at SO^C after 3 hours. Filtration 
o f the reaction mixture was fo l lowed by evaporation o f the fi l trate. The residue was 
extracted w i th hexanes (15 mL) to remove the insoluble material. Evaporation o f the 
hexanes gave the product that was purif ied by column chromatography on silica gel (30 g, 
hexanes eluent) to give 4-/^-butyl-3-(trimethylsilyl)furan (176) as a colorless o i l (80 mg, 
82%). l H N M R (NMR-23) 5 0.09 (s, 9H), 0.79 (t, 3H, J = 7,2 Hz), 1.23 (m，2H), 1.42 
(m, 2H), 1.49 (m, 2H), 7.09 (s, 2H). The spectrometric data of 176 are identical w i th 
those reported‘68 
3-n-Buty l-2-(3 ,3 -d imethy la l l y l ) -4 - t r ime thy Is i I y l fu ran (178) f r o m 4 - n - b u t y l -
3 - ( t r i m e t h y I s i l y l ) f u r a n (176) 
To a stirred solution of 4-n-butyl-3-(tr imethylsi lyl)furan (176) (0,5 g, 2.55 mmol) 
in dry T H F (50 mL) at -78"C was added 1,6 M rerr-butyl l i th ium solution (1.8 mL, 2.8 
mmol) through a syringe. The mixture was stirred under N2 for 1 hour. 3,3-Dimethylal lyl 
bromide (0.3 mL, 2.81 mmol) in dry T H F (20 mL) was added dropwise to the mixture 
which became light yellow immediately. The resulting mixture was left stirring for another 
2 hours, poured into diethyl ether (45 mL) and washed wi th H2O (3 X 30 mL). The crude 
product was purified by silica gel column chromatography (50 g, hexanes eluent) to give 2-
n-butyl-3-(33-dimethylal ly l)-4-tr imethylsi ly l furan (178) as a colorless o i l (1.30 g, 90%). 
l H N M R (NMR-24) 5 0.22 (s, 9H), 0.92 (t, 3H, J 二 7.0 Hz) , 1.31-1.47 (m, 4H), 1.71 
(d, 6H , / = 0.8 H z ) , 2.35 (t，2H, J 二 6.9 Hz ) , 3.28 (d, 2 H , J = 7.0 H z ) , 5.25 (td, l H , J = 
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V-
5.7，5.7, 1.4 Hz), 7.11 (d, l H . J 二 4.8 Hz); MS m/e 264 (M+，100%). AnaL Calcd for 
Ci6H280Si : C, 72.66; H, 10.67. Found: C, 72.84; H, 10.53. 
3 - n - B u t y l - 2 - ( 3 , 3 - d i m e t h y l a l l y l ) - 4 - i o c l o f u r a n (179) f r o m 3 - n - b u t y l - 2 - ( 3 , 3 -
d i m e t h y l a l l y l ) - 4 - t r i m e t h y l s i l y l f u r a n (178) 
3-n-Butyl-2-(3,3-dimethylanyl)-4-tr imethylsi ly l furan (178) (0.05 g，0.19 mmol) 
was dissolved in T H F (30 mL) under nitrogen atmosphere and was cooled in a dry ice-
acetone bath to -780C. Silver tetrafluoroborate ( 0.07 g, 0.47 mmol) was added and the 
mixture was stirred for 5 minutes to ensure complete dissolution. Then iodine (0.05 g, 
0.19 mmol) in T H F (8 mL) was added dropwise, and the reaction mixture was stirred at 
-780C for 8 hours and the resulting suspension was fi l tered through celite to give a l ight 
yel low solution which was diluted with 3 M sodium metabisulfite solution (30 mL) and 
diethyl ether (30 mL) . The organic portion was separated, dried over MgSO4 and 
evaporated to yield a yellow oil. Purification by silica gel column chromatography (30 g, 
hexanes eluent) afforded 3-n-biityl-2-(3,3-dimethylallyl)-4-iodofuran (179) as a colorless 
o i l (9 mg, 15%). l H N M R (NMR-25) 5 0.93 (t, 3H, J = 7.0 Hz), 1.33-1.50 (m, 4H), 
1.71 (d, 6H，J 二 0 . 6 H z ) , 2 .35 (t , 2 H , J 二 7 . 0 H z ) , 3 .28 (d , 2 H , J 二 6 .7 H z ) , 5 . 2 4 (b r t， 
l H , J = 7.2 Hz), 7.12 (s, l H ) ; MS m/e 318 (M+, 20%). Anal. Calcd for C 1 3 H 1 9 O I : C, 
49.07; H, 6.02. Found: C, 48.91; H, 4.91. 
2 - B e n z y l - 5 - i o d o - 3 - t r i m e t h y I s i l y I f u r a n ( 1 8 0 ) f r o m 2 - b e n z y l - 3 , 5 -
b i s ( t r i m e t h y l s i I y l ) f u r a n (141) 
2-Benzy l-3 , 5-bis(trimethylsilyl)furan ( 1 4 1 ) (1 g，3.4 mmol) was mixed wi th silver 
trifIuoroacetate (1.89 g, 8.5 mmol) in dry THF (30 mL) . Af ter all silver salt had been 
dissolved，the reaction flask was immersed in a Dewar flask containing dry ice and acetone 
(-780Q. The mixture was stirred under N2 for 5 minutes and iodine (0.85 g, 3.4 mmol) in 
T H F (20 mL) was added dropwise in a period of 30 minutes. One hour later, the resulting 
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suspension was filtered through celite to give a light yellow solution which was diluted 
wi th saturated sodium metabisulfite solution (50mL) and diethyl ether (50mL). The 
organic portion was separated, dried over MgSO4 and evaporated to yield a yellow oil. 
Purification by silica gel column chromatography (65 g, hexanes eluent) afforded 2-benzyl-
5-iodo-3-trimethylsilylfuran (180) as a colorless oi l (0.87 g，74%). ^H N M R (NMR-26) 
5 0.25 (s, 9H), 4.07 (s, 2H), 6.46 (s, l H ) , 7.18-7.35 (m，5H); MS mle 356 (M+, 
42%).The spectrometric data of 180 are identical with those reported.^^ 
2-Benzy l-5 - ( p - t o l y l ) - 3 - t r i m e t h y l s i I y l f u r a n (181) f r o m 2 -benzy l -5 - i odo -3 -
t r i m e t h y l s i l y l f u r a n (180) 
The Grignard reagent was prepared by reacting 4-bromotoluene (1 g, 5.85 mmol) 
and a large excess of magnesium (0.5 g, 20.5 mmol) in dry diethyl ether (10 mL) at reflux 
temperature. The concentration of the Grignard salt formed was approximately 0.14 gAnL. 
The i o d i d e 1 8 0 (0.25 g, 0.68 m m o l ) was s t i r r ed w i t h [1 ,3-
bis(diphenylphosphino)propane]nickel(II) choride (0.042 g, 0.068 mmol) in dry diethyl 
ether (5 mL) under N2 at room temperature. The Grignard reagent p - to l y l magnesium 
bromide (10 mL, 1.4 g, 11.7 mmol) was added to the solution through a syringe. After 
stirring for 24 hours, the resulting mixture was poured into saturated ammonium chloride 
solution (10 mL) and was extracted with diethyl ether (10 niL). The organic layer was 
separated, dried over MgSO4 and evaporated to furnish a brownish oi l . Column 
chromatography on silica gel (80 g, hexanes eluent) afforded 2-benzyl-5-0^-tolyl)-3-
trimethylsilylfuran (181) as a colorless oil (0.16 g, 70%). ^H N M R (NMR-27) 5 0.24 (s, 
9 H ) , 2.32 (s，3H), 4.07 (s, 2H) , 6.51 (s, l H ) , 7.14 (d, 2H , J = 8.2 H z ) and 7.50 (d，2H, 
/ = 8.2 Hz), 7.21-7.29 (m, 6H); MS mle 320 (M+, 100%). The spectrometric data of 
181 are identical w i t h those reported p r e v i o u s I y . 5 5 
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3-(m-Anisyl ) -2-benzyl -5- (p- to Iy l ) furan (183) f r o m 2 -benzy l -5 - (p - to l y l ) -3 -
t r i m e t h y l s i l y I f u r a n (181) 
Furan 181 (0.15 g, 0.4 mmol) was stirred in CH2Cl2 (30 mL) under N2 at -78^0. 
l M boron trichloride in CH2Cl2 (0.6 mL, 0.6 mmol) was added via a syringe to the stirring 
solution. Three hours later, the mixture was poured into saturated Na2CO3 solution (20 
mL) and was extracted with diethyl ether (20 mL). After layer separation, the organic 
fraction was dried over MgSO4 and evaporated to give the crude yellowish boroxine 182. 
Without purif ication, 182 was mixed with 3-bromoanisole (0.12 mL, 1 mmol) and 
tetrakis(triphenylphosphine)palladium(O) (0.14 g, 0.1 mmol) in methanol (10 mL) and 
toluene (10 mL). The solution was heated to dissolve all palladium catalyst and 2M sodium 
carbonate solution (3 mL) was added. The mixture was heated to reflux for 3 hours. The 
resulting mixture was diluted with H2O (15 mL) and diethyl ether (15 mL). The organic 
layer was separated, dried over MgSO4 and evaporated to furnish a brownish oi l which 
was chromatographed on a silica gel column (30 g, Et2O:hexanes=l:2O eluent) to afford 3-
(m-anisyl)-2-benzyl-5-0^-tolyl)furan (183) as a colorless oil (0.11 g, 65%). ^ N M R 
(NMR-28) 5 2.35 (s, 3H), 3.76 (s, 3H), 4.20 (s，2H), 6.76 (s, lH ) , 6.81-7.03 (m, 3H), 
7.18 (d, 2H, J =8.2 Hz) and 7.57 (d, 2H, J 二 8.2 Hz), 7.21-7.33 (m，6H); MS m!e 354 
(M+，100%). The spectrometric data of 183 are identical w i th those reported 
previously.55 
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